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PREFACE. 


The  writer's  Manutil  of  Bacteriology,  published  in  1892,  has  been 
very  favorably  received  both  in  this  country  and  abroad,  but  its  use- 
fulness has  no  doubt  been  to  some  extent  restricted  by  the  size  and 
expense  of  the  volume.  The  following  is  an  extract  from  the  preface 
of  the  Manual : 

"  A  Manual  of  Bacteriology,  therefore,  which  fairly  represents  the 
present  state  of  knowledge,  will  consist  largjely  of  a  statement  of  facts 
established  by  experimental  data,  and  cannot  fail  to  be  of  value  to 
physicians  and  to  advanced  students  of  bacteriology  as  a  work  of 
reference.  The  present  volume  is  an  attempt  to  supply  such  a  man- 
ual, and  at  the  same  time  a  text-book  of  bacteriology  for  students 
and  guide  for  laboratory  work.  That  portion  of  the  book  which  is 
printed  in  large  type  will,  it  is  hoped,  be  found  to  give  an  accurate 
and  sufficiently  extended  account  of  the  most  important  pathogenic 
bacteria,  and  of  bacteriological  technology,  to  serve  as  a  text-book  for 
medical  students  and  others  interested  in  this  department  of  science. 
The  descriptions  of  non-pathogenic  bacteria,  and  of  the  less  important 
or  imperfectly  described  species  of  pathogenic  bacteria,  are  given  in 
smaller  type." 

For  the  benefit  of  students  of  medicine  and  others  who  do  not  care 
especially  for  the  detailed  descriptions  of  non-pathogenic  bacteria  and 
the  extensive  bibliography  contained  in  the  Manual,  this  Text-Book 
OF  Bacteriology  is  now  published.  It  comprises  that  portion  of  the 
Manual  above  referred  to  as  printed  in  large  type,  revised  to  include 
all  important  additions  to  our  knowledge  of  the  pathogenic  bacteria 
since  the  original  date  of  publication. 
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PAET    FIRST. 


I. 

HISTORICAL. 

It  is  probable  that  Leeuwenhoeck,  "  the  father  of  microscopy," 
observed  some  of  the  larger  species  of  bacteria  in  faeces,  putrid  in- 
fusions, etc.,  which  he  examined  with  his  magnifying  glasses  (1675), 
but  it  was  nearly  a  century  later  before  an  attempt  was  made  to  de- 
fine the  characters  of  these  minute  oi^;anisms  and  to  classify  them 
(0.  F.  MiiUer,  1773). 

In  the  absence  of  any  reliable  methods  for  obtaining  pure  cultures, 
it  is  not  surprising  that  the  earlier  botanists,  in  their  efforts  to  classify 
microoi^anisms,  fell  into  serious  errors,  one  of  which  was  to  include 
under  the  name  of  infusoria  various  motile  bacteria.  These  are  now 
generally  recognized  as  vegetable  organisms,  while  the  Infusoria  are 
unicellular  animal  organisms. 

Ehrenberg  (1838),  under  the  general  name  of  Vibrioniens,  de- 
scribes four  genera  of  filamentous  bacteria,  as  follows  : 

1.  Bacterium — filaments  linear  and  inflexible ;  three  species. 

2.  Vibrio — filaments  linear,  snake-like,  flexible ;  nine  species. 

3.  Spirillum — ^filaments  spiral,  inflexible  ;  three  species. 

4.  Spirochete — ^filaments  spiral,  flexible  ;  one  species. 

These  vibrioniens  were  described  by  Ehrenberg  as  "  filiform  ani- 
mals, distinctly  or  apparently  polygastric,  naked,  without  external 
organs,  with  the  body  uniform  and  imited  in  chains  qt  in  filiform 
series  as  a  result  of  incomplete  division." 

Dujardin  (1841)  also  placed  the  vibrioniens  of  Ehrenberg  among 
the  infusoria,  describing  them  as  "  filiform  animals,  extremely  slen- 
der, without  appreciable  organization,  and  without  visible  locomotive 
organs." 

Charles  Robin  (1863)  suggested  the  relationship  of  Ehrenberg's 
vibrioniens  with  the  genus  Leptothrix,  which  belongs  to  the  algae ; 
and  Davaine  (1859)  insisted  that  the  vibrioniens  are  vegetable  oj^^ao* 
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isms,  nearly  allieii  to  the  algse.  His  classification  will  bu  found 
in  the  "  Dictionnairtt  Encyclop.  des  Scienc-es  Medicales,"  art.  '*  Bac- 
teries"  (18(>8).  This  view  in  alt*o  sustained  by  the  Gterman  botanist 
Cohu  and  is  now  generally  accepted. 

Spallanzani,  in  177<i.  endf3!ivoretl  to  show  bj'  experiment  that  the 
gonenilly  roceive<l  theory  of  the  HjH)ntaneoiis  genertition  of  micro- 
orgaiiinniM  iu  organic  liquitls  was  not  true.  This  he  did  by  boiling 
putrescible  li({uidH  in  carefully  Healed  HaMks.  The  exijei-irnent  was 
ni>t  always  8UCC0*sful,  but  iu  a  certain  number  of  instances  the 
liquids  were  sterilized  and  remsiinud  unchanged  for  an  indefinite 
jieriiKl.  The  objection  was  raised  to  these  experiments  that  the  oxj'- 
geti  i>f  the  air  was  excluded  by  hermetically  sealing  the  flasks,  and 
it  was  claimed,  in  accordance  with  the  views  of  Gay-Lussac,  that 
free  admission  of  this  gas  was  es-sential  for  the  development  of  fer- 
mentation. 

This  objection  was  met  by  Franz  Schulze  (1836),  who  admitted  air 
to  lH>i!ed  putrescible  liquids  by  drawnng  it  through  strong  sulphuric 
acid,  in  which  8usi>ended  niicnWirganisnis  were  destroytnl.  He  thus 
demonstrated  that  l»oile<l  solutions,  which,  when  exp4>sed  to  the  air 
without  any  precautions,  quickly  fell  into  putrefaction,  nnnained  un- 
ohangeil  when  freely  supplied  with  air  which  IkkI  l>een  jwiswd  through 
an  agent  capable  of  quickly  destroying  all  li\'ing  orgtmisms  con- 
t^iined  in  it. 

Schwann  (1839)  demonstrated  the  same  fact  by  another  method. 
Air  was  freely  >uknitt«di  to  his  l»oiled  liquids  through  a  tulw  which 
was  heated  to  a  point  which  insured  the  destruction  *.>(  susjxnidtHl 
niicnnirganisms.  The  same  author  is  entitled  to  the  credit  of  hav- 
ing  first  clearly  stated  the  essential  relatimi  of  the  y«'ast  phvnt — 
Sitvchurom  ifCfH  cerfiisiie — to  the  process  of  fermentation  in  saccha- 
rine liquids,  which  residts  in  the  formation  of  alcohol  and  carlionic 
lund. 

Helmholtz,  in  1843.  repeated  the  experiments  of  Schwann  with 
calcined  air,  and  arrive<l  at  similar  results — i.e.,  he  found  that  the 
frt-e  admission  of  calcined  air  to  bt)iled  organic  infusions  did  not  pro- 
duct; fermentati«»n  of  any  kind. 

It  wj»8  objecte<l  to  these  _^x|)eriments  that  the  air,  having  been 
RUlijuctfMl  t4J  a  high  temj>eratt(re,  had  perhaps  undergone  some  chem- 
ical cliange  which  preventeti  it  from  inaugurating  processes  of  fer- 
mentation. 

This  objection  was  met  by  Schrotler  and  Von  Dusch  (1854)  by  a 
very  simple  device  which  has  since  proved  to  be  of  inestimable  value 
in  lmct»>riolugical  n-sHarches.  These  observers  showed  that  a  lfM>se 
plug  of  c«»tton,  through  which  free  c»>mmunication  with  the  external 
luris  iiuiintained.  excludes  all  suspended  microorganisms,  and  that 
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air  passed  through  such  a  filter  dops  not  pause  the  fermentation  of 
boiled  organic  litiuids. 

The  experiments  of  Pasteur  and  of  Hotfinau,  made  a  few  years 
later,  showed  that  even  witiiout  a  cotton  filter,  wh^n  the  neck  of  the 
flask  containing  the  boiled  liquid  is  long  drawn  out  and  turned  down- 
ward, the  contents  may  be  preserved  indefinitely  without  change. 
In  this  case  suspended  particles  do  not  reach  the  interior  of  the  tliisk, 
as  there  is  no  current  of  air  to  carry  them  upward  through  its  long- 
drawn-out  nock,  and  they  are  prevented  by  the  force  of  gravity  from 
ascending. 

T\Tidall  showed  at  a  later  date  that  in  a  closed  chamber,  in  which 
the  air  is  not  disturbed  by  currents,  all  suspended  particles  settle  t4> 
the  floor  of  the  chainber,  leaving  the  air  optically  pure,  a.s  is  proved 
by  passing  h,  bt'a.m  of  light  through  such  a  chamlwr. 

Notwithstanding  the  fact  that  the  experimenters  mentionetl  had 
succeeded  in  keeping  boiled  urganic  Itqiuds  Ht^rik'  in  flasks  t^j  wiiich 
the  oxygen  of  the  air  hail  free  access,  the  question  of  the  possibility 
of  spontaneous  generation — heterogenesis — still  remained  unsettle*!, 
inasmuch  as  occasionally  a  development  of  bfietcrial  organisms  did 
occur  in  such  boiled  liquids. 

This  fact  was  exptainecl  by  Pasteur  (IS60),  who  showed  that  the 
generally'  received  idea  that  the  temjierature  of  boiling  water  must 
destroy  all  living  organisms  was  a  niistaken  one,  find  that,  e8iJe<:iHlly 
in  alkaline  liquids,  a  higher  tcinpi»rature  wa.s  required  to  insure  ster- 
ilization. His  experiments  showed  that  a  temjterature  of  110°  to 
ll^^C.  {-r^f  to  -i.W.r/'  F.),  Avhich  he  obtained  by  Ijoiling  under  a 
pressure  of  one  and  a  half  atmospheres,  was  sufficient  in  every  case. 
These  experiments,  which  have  been  repeated  by  numerous  investi- 
gatorii  since,  settled  the  s|K>ntaiieous-generation  controversy  ;  and  it 
is  now  generally  admitted  that  no  develojiment  of  niicro«>rganisms 
occurs  in  organic  litpiids,  and  no  proces.ses  of  putrefaction  or  fermeTi- 
tation  CHX-ur  in  such  liquids,  when  they  are  completely  sterilized  tmd 
guarded  against  the  entrance  of  living  germs  from  without. 

Pasteur  at  a  later  date  (ISC..'))  showe<l  titat  the  atmospheric  or- 
ganisms which  resist  the  boiling  temperature  are  in  fact  repnxluc- 
tive  bodies,  or  spores,  which  he  described  under  the  name  of  "  corpus- 
cles ovoides  "or  "  coqniscles  brillants."  SjMjres  had  lH*en  previously 
seen  by  Perty  (]>>5--i)  and  Robin  (1853),  but  it  was  not  until  1875  that 
the  development  of  these  repnxl active  bodies  Wfis  studied  with  care 
by  Cohn  and  by  Koch.  The  last-named  r>bscrver  determined  the 
conditions  under  which  siKtres  are  formed  by  tl^e  Hiithrax  bfR'illus. 
Five  years  later  (1881)  Koch  publishetl  his  valuable  researches  relat- 
ing to  the  resisting  power  of  anthrax  spores  t<j  heat  and  to  chemical 
agents. 
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The  development  of  our  knowledge  i"elating  to  the  bacteria, 
stimulatetl  by  the  controversy  relating  to  spontaneous  generation 
and  by  the  demonstration  that  various  processes  of  fermentation 
and  putrefaction  are  due  to  microorganisms  of  this  class,  has 
dejwnded  largely  up<3u  improvements  in  methods  of  research. 
Among  the  most  important  points  in  the  development  of  bacterio- 
logical tochniiiue  we  may  mention,  Jirst,  the  use  of  a  cotton  air 
filter  (Schro<lt'r  ami  Von  Dusch,  1854)  ;  {tecotid,  the  sterilization  of 
culture  fluids  by  heat  (methods  perfected  by  Pasteur,  Koch,  and 
others)  ;  third,  the  use  of  the  aniline  dyes  as  staining  agents  (first 
recomraende<l  by  Weigert  in  It^T?)  ;  funrfh,  the  intnxluction  of 
solid  culture  media,  and  the  ''  plate  method  "  for  obtaining  pure  cul- 
tures, by  Koch  in  1H81. 

The  various  improvements  in  methods  of  research,  and  espe- 
cially the  iutro^luL'tion  of  solid  culture  media  and  Koch's  "plate 
metho<l "  for  isolating  bacteria  from  mixed  cultures,  have  placed 
bacteriology  upon  a  scientific  basis,  and  have  shown  that  many  of 
the  observations  and  inferences  of  the  earlier  invi'stigators  were 
erroneous  owing  to  the  imijerfection  of  the  methoils  employed. 

Since  it  has  l>een  demnnstrate<l  that  certain  infectious  diseases  of 
man  and  the  lower  animals  are  due  to  organisms  of  this  class,  phy- 
sicians have  been  esjjecially  interested  in  bacteriological  researches, 
and  the  progress  made  during  the  p^wt  fifteen  ye^rs  has  been  largely 
due  to  their  investigations.  It  was  a  distinguished  French  physi- 
cian, Davaine,  who  first  demonstrattnl  the  etiological  relation  of  a 
micru<")rganism  of  tliis  class  t*i  a  specific  infectious  disease.  The  an- 
thrax bacillus  had  Iieen  seen  in  the  blood  of  animals  dying  from  this 
disease  by  Pollender  in  1840  and  by  Davaine  in  18.50,  hut  it  was  sev- 
eral years  later  (1803)  before  the  last-naaned  observer  claimed  to 
have  demonfltrated  by  inoculation  experiments  the  causal  relation  of 
the  bacillus  to  the  disease  in  (piestion. 

The  experiments  of  Davaine  were  not  generally  accepted  as  con- 
clusive, because  in  inoculating  an  animal  with  Idood  containing  the 
Ixicillus,  from  an  infected  animal  which  ha<:l  succumbed  to  the 
dlMaee,  the  li\nug  microorganism  was  a.ss(Kdatod  with  material 
from  the  body  of  the  disetvsed  animal.  This  objectitm  was  subse- 
quently remove<l  by  the  exjjerimonts  of  Pasteur,  Koch,  and  many 
others  with  pure  cultures  of  the  bacillus,  which  were  shown  to  have 
tlie  same  pathogenic  effects  as  had  been  obtained  in  inoculation  ei- 
|jerinients  with  the  blood  of  an  infected  animal. 

The  next  demonstration  of  the  causal  relation  of  a  parasitic  mi- 
cro^'irganlsm  to  an  infectious  malady  was  made  by  Pasteur,  who  de- 
Vote*! sincral  years  tu  the  study  of  an  infectious  disease  of  silkworms 
which  threatened  to  deHtroy  the  silk  industry  of  France — p^brine. 
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In  1873  Obermeier,  a  GJermaTi  physician,  announced  the  discov- 
ery, in  the  blood  of  patients  suffering  from  relapsing  fever,  of  a  mi- 
nute, spiral,  actively  motile  tnicro<.)rganiam — the  Spirochete  Oher- 
vieieri — which  is  now  generally  recognized  as  the  specific  infectious 
agent  in  this  disease. 

The  very  important  work  of  Koch  upon  traumatic  infectious 
diseases  was  published  in  1878. 

In  1879  Hansen  reported  the  discovery  of  bacilli  in  the  cells  of 
leprous  tubercles,  and  subsequent  researches  have  shown  tliat  this 
bacillus  is  constantly  associated  with  leprosy  and  presumably  bears 
an  etiological  relation  to  the  disease. 

In  the  same  year  (1879)  Neisaer  discovered  the  "  gonococcus  "  in 
gonorrhoeal  pus. 

The  bacillus  of  typhoid  fever  was  first  observed  by  Eberth,  and 
independently  by  Koch,  in  1880,  but  it  was  not  until  1884  that  Gaff- 
kj''s  important  researches  relating  to  this  bacillus  were  publishetl. 

In  1880  Pasteur  published  his  memoir  upon  fowl  cholera,  and  the 
same  feax  appeared  several  important  communications  from  this 
pioneer  in  bacteriological  research  upon  the  "  attenuation  "  of  the 
virus  of  anthrax  and  of  fowl  cholera  and  upon  protective  inocula- 
tions in  these  diseases. 

In  1880  the  priesent  writer  discovered  a  pathogenic  micrococcus, 
which  he  subsequently  named  Aficrococcuft  Paafeuri,  and  which  is 
now  generally  recognized  as  the  usual  agent  in  the  production  of 
acute  croupous  pneumonia — commonly  spoken  of  as  the  "  diplococ- 
cus  pneumoniEB,"  but  described  in  the  present  volume  under  the 
name  of  Micrococcus  pneumoniae,  crouposce. 

In  1881  several  important  papers  by  Koch  and  his  colleagvies  ap- 
peared in  the  first  volume  of  the  "  Mittheilungen  "  published  by  the 
Imperial  Board  of  Health  of  Germany. 

The  following  year  (1882)  Koch  published  his  discovery  of  the 
tubercle  bacillus. 

The  same  year  Pasteur  pubhshed  his  researches  upon  the  disease 
of  swine,  known  in  France  as  rougef. 

The  same  investigat<ir  (Pasteur)  also  pubhshed  in  1882  his  first 
conununication  upon  the  Hubject  of  rabies. 

Another  imixirtant  diHcov^erj'  was  made  in  1883  by  the  German 
phy.sician8  LiJffler  and  Schutz,  xiz.,  that  of  the  bacillus  of  glan- 
ders. 

Koch  published  his  discovery  of  the  cholera  spirillum — '*  comma 
bacillus"— ui  18,S4. 

The  same  year  (1884)  Loffler  discovered  the  diphtheria  baciUua. 

Another  important  publication  during  tho  same  year  was  that  of 
Rosenbach,  who,  by  the  application  of  Koch's  methods,  fixed  defi- 
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nitfly  the  characters  of  the  various  micrcxirganisms  found  in  pus 
f  nun  acute  abscesses,  etc. 

The  tetanus  bacillus  waH  *liscovered  in  1.'^>14  by  Nicolaier.  a  stu- 
dent in  the  laboratory  of  Pn>f.  Fliigge,  of  Gottingen.  That  this 
bacillus  is  the  cause  of  tetanus  in  man  has  been  demonstrated  by  the 
substHiuent  researches  of  muneroiis  investigators.  For  an  exact  knowl- 
edge of  its  biological  cliaracters  we  are  esjiecially  indebted  to  Kitiisato, 

So  fara.s  human  pathology  is  concerned,  no  important  pathogenic 
microdrganism  was  discovered  after  the  year  1SS4  until  the  year  1802. 
After  numerous  unsuccessful  researches  by  competent  bacteriologists, 
a  bacillus  was  diacovereil  by  Pfeiffer,  of  Berlin,  and  independently 
by  Canon,  which  is  believed  to  be  the  specific  cause  of  influenza. 

In  18'J4  the  distinguished  Japanese  bacteriologist,  Kitasato,  dur- 
ing a  visit  to  China  made  fur  the  purpose,  discovered  the  bacillus 
of  the  bubonic  plague  of  the  Orient. 

Recent  experimental  evidence  appears  to  justify  the  conclusion 
that  infectious  pleuro-pneumonia  of  cattle  is  due  to  a  bacillus  dis- 
covered by  Arloing — his  PneumobaciUus  liquefucitnis  bovia. 

Finally  we  may  refer  to  the  recent  discovery  of  the  antitoxins  of 
diphtheria  and  of  tetanus  as  one  of  the  most  important  events  in  the 
history  of  bacteriology  and  of  scientific  medicine.  The  name  of  Behr- 
ing  has  the  first  place  in  connection  with  this  discovery. 

Having  briefly  i)a8se<l  in  review  some  of  the  principal  events  in 
the  pn^pressof  our  knowledge  in  this  department  of  scientific  investi- 
gation, it  will  1x5  of  interest  to  students  to  know  something  more  of 
the  literature  of  bacteriology.  ImjKirtunt  papers  have  ai>[>eareil  in 
medical  and  scientific  journals  in  all  countries,  and  reBear<?h  work  of 
value  has  been  done  by  enthusiastic  investigators  of  nearly  every 
nation.  The  brilliant  pioneer  work  done  bj-  Pasteur  and  by  Kcx-h  has 
attracted  to  them  many  pupils  and  has  made  France  Jind  Germany 
tJje  leading  countries  in  this  line  of  investigation.  The  very  great 
advantages  of  Koch's  methods  of  research,  introtlucetl  at  the  com- 
menoement  of  the  last  decade,  have  attnicteil  many  students  from 
various  parts  of  the  world  to  Berlin,  and  to  other  cities  of  Gennany 
where  instruction  was  to  be  obtained  from  some  of  Koch's  earlier 
pupils.  But  today  bacteriological  laborat«^jriefl  have  been  established 
in  all  parta  of  the  world,  and  it  is  no  longer  necessary  to  go  to  Ger- 
many to  obtain  such  instniction.  The  literature  of  the  subject  is, 
however,  largely  in  the  German  and  French  languages.  We  can 
only  refer  here  to  such  jTeriodicab  as  are  principally  devoted  to  bac- 
teriological research  work. 

The  ZeiiHchrift  fiir  Hygiene  has  been  published  since  1886,  and 
contains  numerous  valuable  papers,  contribute<l  for  the  most  part  by 
the  pupils  of  Koch  and  of  Fliigge,  who  are  theeilitors  of  the  journal. 


HISTORICAL.  9 

The  Annates  de  VInstitut  Pasteur  is  a  monthly  journal  which 
has  been  published  since  1888.  It  is  edited  by  Duclauz,  and  contains 
many  important  papers  and  reviews,  as  well  as  the  statistics  of  the 
Pasteur  Institute  relating  to  preventive  inoculations  against  hydro- 
phobia. 

The  Annates  de  Micrography  is  a  monthly  journal,  published  in 
Paris.    The  principal  editor  is  Miquel. 

The  Centralblatt  fur  Bakteriologie  und  Parasitenkunde  is  a 
weekly  journal  which  has  been  published  by  Gustav  Fischer,  of  Jena, 
since  1887.  The  editors  are  Uhlworm,  of  Cassel ;  Loffler,  at  present 
professor  at  Greifswald;  and  Leuckart,  professor  at  Leipzig. 

The  Journal  of  Pathology  and  Bacteriology  is  published 
monthly  in  Edinburgh  and  London.    It  dates  from  18d2. 

A  most  important  work  for  students  of  bacteriology  is  the  Jahres- 
bericht  of  Baumgarten,  which  has  been  published  since  1885  by  Harald 
Bruhn,  Braunschweig,  Germany.  This  gives  a  brief  abstract  of 
nearly  every  paper  of  importance  relating  to  the  subject  which  has 
been  published  during  the  year. 
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The  earlier  naturalists— Ebrenberg  (1838),  Dujardin  (1841)^ 
placed  tbe  bacteria  among  the  infusoria;  but  they  are  now  recog- 
nized att  vegetable  viicroorganistus,  differing  essentially  from  the 
infusoria,  which  are  unicellular  animal  organisms.  One  of  the  prin- 
cipal points  in  differentiating  animal  from  vegetable  organiains 
among  the  lowest  orders  of  hving  things  is  the  fact  that  animal 
organisms  receive  foo<l  i>articles  into  the  interior  of  the  body,  assimi- 
lating the  nutritious  iM>rtion  and  subsetiuently  extruding  the  non- 
nutritious  residue  ;  vegetable  organisms,  on  the  other  hand,  are 
nourishe<l  through  the  coll  wall  which  encloses  their  protoplasm,  by 
organic  or  inorganic  substances  held  in  solution. 

Ebrenberg  (1838),  under  the  name  of  vibrionieua,  eatabllahed  fotu*  gen- 
era, as  fallows: 

1.  Bacterium — iilameuts  linear  and  iMllexible. 
8.   Vibrio — lilatnents  linear,  snake-like,  ttexlble. 

3.  Spirillum — lilanients  spiral,  intlexible. 

4.  Spirocfurte — ftlanieuts  spiral,  flexible. 

Dujanlin  (1S4I)  united  the  two  genera  Spirillum  and  Spirochcete  of 
Ehrenberg,  and  added  to  the  deticriptiun  of  the  generic  characters  as  fol- 
lows: 

1.  Bacterium — filamenUi  rigid,  witli  a  vacillating  uiovenient. 

2.  Vibrio — tilainenta  flexible,  with  an  undulatory  movement. 

3.  Spirillum — filanjents  suiral,  movement  rotatory. 

Itwdlbcsi'en  that  this  classitication  leaves  no  place  for  the  motionless 
bacilli,  such  as  the  aiitbrux  bacillus  and  many  others,  and  does  not  include 
the  spherical  bacteria,  now  called  micrococci. 

Tbe  classilication  of  Daraine  (lK(i8)  provides  for  the  motioaless,  fila- 
mentous bacteria,  but  does  not  include  the  micrococci.  This  author  first 
insisted  that  tbe  vibrionieus  of  Ehrenberg  are  truly  vegotablo  organisms, 
allied  to  (bi"  alg-.c.     He  makes  four  genera,  as  follows: 

Filaments    straight    or    bent,  (  Moving    sponlane-  \  Rigid  Bacterium. 
but  not  in  a  spiral,  r      ously,  )  Flexible  Vibrio. 

( Motionless,  Bacteridium. 

Filaments  spiral, Sptriltum. 

Follotving  Duvaine,  tbe  French  bacteriologists  frequently  speak  of  the 
motioiik'HH  anthrux  bacillus  its  lu  bactSridie. 

lIotTiiii*n  in  is<39  includwl  in  his  classification  the  spherical  bacteria, 
and  poiii(<Hl  out  tlie  fact  that  motility  could  not  be  taken  as  a  p^neric  char- 
acter, us  il  wits  not  consluitt  in  the  same  species  and  dcpcudeu  to  some  ex- 
tent upun  t4!aii>eniturvcouditiuuB,  etc. 
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Having  detennined  that  the  bacteria  are  truly  vegetable  organ- 
isms, the  attention  of  botanists  has  been  given  to  the  question  as  to 
what  class  of  vegetable  organisms  they  are  most  nearly  related  to. 
There  are  decided  differences  of  opinion  in  this  regard.  While  Da- 
vaine,  Ralwnhorst,  and  Cohn  insist  upon  their  affinities  %vith  the 
algSdf  Robin,  Niigeli,  and  others  consider  them  fungi.  One  of  the 
principal  characters  which  distinguish  the  algtB  from  the  fungi  is 
the  presence  of  chlorophyll  in  the  former  and  its  absence  in  the  latter. 
Now,  the  bacteria  are  destitute  of  chlorophyll,  and  in  tliis  regard 
resemble  the  fungi;  yet  in  others  their  affinities  with  the  Palmellacea- 
and  OscillatoriacexB  are  unmistakable.  It  is  not  necessary,  how- 
ever, that  we  should  consider  them  as  belonging  to  either  of  these 
classes  of  the  vegetable  kingdom.  By  considering  them  a  distinct 
cla.ss  of  unicellular  vegetable  organisms,  under  the  general  name  of 
bacteria,  we  may  avoid  the  difficulties  into  which  the  botanists  have 
fallen. 

We  must  refer  briefly,  however,  to  the  classification  proposed  by  aomu 
of  tlie  leading-  German  Vx>tauists. 

Niigeli.  placing^  the  bacteria  among  the  lower  fungji.  which  give  rise  to 
the  decomposition  of  f»rfaiiic  substances,  divides  these  into  three  groups: 

1.  The  Mucoriui,  or  mould  fungi. 

2.  The  SfU-'charomycetes,  or  budding  fungi,  which  produce  alcoholic  fei'- 
mentation  in  saccharine  liquids. 

3.  The  SchizomyceteH,  or  fission  fungi,  which  pi*oduce  putrefactive  pro- 
cesses, etc. 

Cohu,  under  the  name  of  Schizophytea,  has  grouped  these  low  vegetable 
organisms,  whethi'r  provideil  w  not  wiLli  chlorophyll,  into  two  tril*es  hav- 
ing the  following  characters: 

1.  GL-KOKiKNE!*— cells  free  or  united  into  glairy  families  by  an  intercel- 
lular substance. 

2.  NaMATOOEyEs — cells  disposed  in  filaments. 

In  the  first  tribe  he  lias  placed  the  genera  Micrococciis  (Hallier),  Bacte- 
rium (Dujardiu),  Merismopedia  (Meyei'),  Sarcina  (Goodsir),  and  Ascot'ofCMS 
iBilli-oih),  with  various  genera  of  unicellular  algie  containing  chlorophyll. 

In  the  second  tribe  we  liuvt*  the  genera  Bacillus  (Cohn),  Leptothrix 
(Kg.),  Vibrio  (Ehr.),  Spirillum  (Ehr.),  SpiroehiHe  (Khr).  Streptococcus 
(Billr.).  Chidothrix  (Cohn),  and  Streptoihrix  (Cohn),  associated  with  gen- 
era of  green  Hlamentous  algaj. 

The  German  bota.nist  Sachs  unites  the  fungi  and  the  algiK  into  a  single 
group,  the  Thallophytes,  iu  which  lie  establishes  two  parallel  series,  ime  in- 
cluding those  containing  chlorophyll,  and  the  other  without,  as  follows; 


THALLOPHYTES. 

Forms  with  chlorophyll.  Forms  without  chlorophyll. 


A.  Cyanophycea;     (Oscillator ia 
ceae.  etc.). 

B.  Palmellaceae. 


Clatal  I.—Protophytes. 

A.  Schizomycetes  (Bacteria). 

B.  Saccharomycetes. 
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Z(ipf,  who  insists  iipoii  the  polymorphism  of  tiivs<i  low  orgunisms,  divides 
tho  biirtcrja  into  four  grf>ups; 


Ocnera. 
Streptor()crn8, 
MerimnopeUia, 
tSarfina. 
MicriKoceus, 
Aacococcu^. 
Bacterium, 
Sptrilltirn, 
Vibrio, 
Fjetu'otiostoc, 
BtwilliM. 
CIniitritliiim. 

Crenothrij; 

Beyguitoa. 

Ph  raymidi<  tihrix, 

LepMhrix. 


1.  COOCOCK^.— Up  to  the  pre- 
sent time,  only  known  in  the  form  of 
coot'i. 

2.  BACTKRlACKiK.— Have  for  the 
most  |>art  spherical,  rod-like,  and 
llhimentods  forms  ;  the  lirst  (cocti) 
may  be  wanting  ;  the  last  nre  not 
different  at  the  two  extremities;  fila- 
ments straight  or  spir.il. 

:\.  Lkptotrkhe^.  —  Spherical, 
rod-shaped,  and  Ulatnentous  forms; 
the  lust  show  a  difference  between  the 
two  extremiti(«  ;  Htaineiits  straight 
or8piral;sporeformution  not  known. 

4.    ClaI>OTRICHE^.  —  Spherical,    1 
ro<l  !>ha|)ed,   filamentous,  and    spiral 
forms  ;   the   filiiment<3us    form    pre-   ,  Clttdofh rix. 

sents  pseudo-branches  ;  spore  forma-   j 
lion  not  known.  I 

Th«  main  objection  to  this  chissitication  is  that  it  tissumes  a  pleomorph- 
ism  for  tlie  bacteria  of  the  secfwid  pj-ouii— BactTincese — which  has  only  been 
eatablishetl  for  a  few  sinn-ies,  and  which  appears  not  to  be  funeral  among  the 
rod  shaped  and  sniral  r^acteria. 

De  Bary  diviaes  the  bicteria  into  two  principal  ijfroups,  one  including' 

ythose  which  form  endospores,  and  the  other  those  which  are  reproduced,  by 

thros|>ore8.     But  our  knowledjfo  is  yet  t<»o  imperfect  to  make  this  classifi- 

"cation  of  value,  and  the  .same  may  be  said  of  Hue])pe"s  recent  attempt  at 

classification,  in  which  the  mode  of  reproduction  is  a  principal  feature. 

The  clHswificutiou  of  BHuiu^nrten  (18!)0)  appears  to  us  to  have 
more  prjvtical  valiu*,  and.  with  Blight  modification.s,  we  shall  adopt 
it  in  the  present  volume.  This  author  divides  the  bacteria  into  two 
principal  gn>ui>s.  as  follows  : 

Group  I.  Sjietnes  relatively  nionoiniir]>h(nis. 

Groi'P  II.  S|x»cies  i>leoinorphous. 

The  first  group  includes  the  microcoi^ci,  the  bacilli,  and  the 
Hpirilla;  the  scM'ond  group  the  itpirtilina  of  Hueppe,  leptotrichefE 
iZopf),  and  chidofrithetf. 

The  ple«jtnorphous  species  ilescribed  by  Hauser  under  the  generic 
name  Proteus  are  included  in  the  second  group  among  the  spirulina. 
In  the  proiJent  volume  w»<  Jiave  dest*ril)ed  these  pleomorphous  sj>«.«cie8 
among  the  Iwunlli. 

The  Cot'dl,  in  the  cla-Hsification  «if  Kaumgarten,  constitute  a  single 
gienus  with  the  following  subgetiera  :  I,  Pi/tUx-occuft :  x*,  Strepto- 
coccus: .'J,  Mfrinimnwdiu  (Zopf) — "Mcrista"  (Hueppe):  4,  8ar- 
citut  ((ioodsir)  :  .'),  MicrontccuK  (•'slaphyloctHH'i "). 

The  Bacii.M  are  included  in  a  single  genus  einlmwing  all  of 
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those  species  which  onlj'  form  ro(l-jjhape<l  cells,  and.  tilaineiitH  com- 
posed of  rod-like  segments  ;  or  straight  filaments  nut  distinctly  seg- 
mented, which  niaj-  be  rigid  or  flexible. 

The  Spirilla  are  also  iuclude<l  iu  a  single  geuus,  embracing  all 
of  those  species  in  which  the  filanients  are  spiral  in  funn  and  tlie 
segments  more  or  less  spiral  i>r  •"  comma-sliajHHl  *" — tilameiits  either 
rigid  or  flexible. 

This  simple  nmrphological  classification  of  the  monomorphous 
group  of  Baumgarten  correspunds  with  the  nomcnilature  now  gene- 
rally in  use  among  bacteriologists.  We  speak  of  the  spherical  bac- 
teria as  rocci  or  ass  mirnuitai.  of  the  rod-shajH'd  bacteria  aa  hacilli, 
and  of  the  spiral  bacteria  a.s  spirilht. 

It  is  true,  however,  that  we  are  sometimes  embarrassed  to  decide 
w^hether  a  particular  micrtMlrganism  lH'li>ngM  to  one  or  the  other  of 
these  morphologioil  groups  i>r  so-calU-d  gnuera.  Amimg  the  bacilli, 
for  example,  we  may  have,  in  tlie  sjiine  pure  culture,  rods  of  very 
different  lengths,  some  being  so  short  that  if  alone  they  might  be 
taken  for  cocci,  while  others  may  have  grown  out  into  long  fila- 
ments. But  if  we  are  assured  that  the  cultum  is  pure  the  presence 
of  rod  forms  establislies  the  diagnosis,  aiul  usually  the  cocci-like 
elements,  when  carefully  observed,  will  l>e  seen  to  Iw  Homewhat 
longer  in  one  diameter  tliau  in  the  other.  The  Cferman  bacterio- 
logists generally  insist  ujHin  placing  among  the  bacilli  all  straight  bac- 
teria in  which,  as  a  rule,  one  diameter  is  perceptibly  greater  than 
that  transverse  to  it ;  and  several  s[)ecies  of  well-kuowu  bacteria 
wliicli  were  formerly  classed  as  micrococci  are  now  called  bacilli — 
e.g.,  Friedlander's bacillus  (■'  pneuinococcus''),  BaciUns  }>nnligiosuis. 

Tile  distinction  made  by  Cohn  and  others  between  the  genus 
Bacterium  (Duj. )  and  the  genus  Bacillntt  (Cohn)  cannot  be  nuiin- 
tained.  inasmuch  as  wi<  may  have  short  rods  antl  tjuite  long  fila- 
ments in  the  sjime  pure  culture  of  a  single  species  ;  and,  again,  the 
character  upon  which  the  genus  Vibrio  (Ehr. )  wa.s  establishe*! — 
viz.,  the  fact  that  the  filaments  are  flexible  and  the  movements 
sinuous — is  not  a  sufficient  generit^  or  even  si^ecific  character,  for  in 
a  pure  culture  there  may  be  short  rtnls  which  are  rigid,  and  long 
fllaments  which  are  flexible  and  have  a  sinuous  movement.  We 
therefore  to-day  sjicak  of  all  the  elongated  forms  as  bacilli,  uides.H 
they  are  spiral  and  have  a  corkscrew-like  motion,  in  which  case  they 
are  known  as  spirilla. 

The  bacteria  are  <ilso  classified  according  to  their  biological  char- 
acters, and  it  mil  be  necessary  to  consider  the  various  modes  of 
grouping  them  from  diflFerent  points  of  view  other  than  that  which 
relates  to  their  form.  This  is  the  more  important  inasmuch  as  we 
ar©  not  able  t<.>  diflferontiate  sj>ecies  by  morphological  characters 
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alone.  Thus,  for  example,  tbere  are  among  the  spherical  bacteria,  or 
niicrococci,  numerous  well-establislied  species  which  the  most  expert 
microscopist  could  not  differentiate  by  the  use  of  the  microscope 
alone  ;  the  same  is  true  of  the  rod-shaped  bacteria.  The  assump- 
tion often  made  by  investigators  who  are  not  sufficiently  impressed 
with  this  fact,  that  two  microorganisms  from  different  sources,  or 
even  from  the  siune  source,  are  the  same  because  stained  prepara- 
tions examincnl  under  the  microscope  look  alike,  has  led  to  serious 
errors  and  to  much  confusion.  As  an  exiiniple  of  what  is  meant  we 
may  refer  to  the  pus  organisms.  Before  the  intruductiou  of  K«.»ch's 
"plate  method "'  micr(x'<;)cci  had  been  observeil  in  the  pus  of  acute 
abaceesee.  Some  of  these  were  grouped  in  chains — streptocjjcci — 
and  80mo  were  single,  or  in  pairs,  or  in  groups  of  four  ;  but  whether 
these  were  simply  ditTen»nt  modes  of  grouping  in  a  single  sj^jcies,  or 
whether  the  chain  micrococci  represente<l  a  tlistinct  species,  was  not 
<ietermined  with  certainty.  That  there  were  in  fact  four  or  more 
distinct  species  to  be  found  in  the  pus  of  ticute  abscesses  was  not 
suspected  until  Rosenbach  and  Passet  demonstrated  that  this  is  the 
case,  and  showe<i  that  not  only  is  the  strepttx'ocous  a  distinct  s}xHnes, 
but  that  among  the  cocci  not  associated  in  chains  there  are  three 
species  which  are  to  be  distinguished  from  »'ach  other  by  their  color 
when  grown  on  the  surface  of  a  solid  culture  meilium.  One  of  these 
has  a  milk-white  color,  one  is  of  a  lemon-yellow  color,  while  the  third 
is  a  golden-yellow. 

Those  microtirganiams  which  form  pigment  are  called  chronio- 
ijenes,  or  chromogenic ;  those  which  produce  fermentations  are 
spoken  of  as  zyniogenes,  or  zj-mogenic  ;  those  which  give  rise  to  dis- 
ease processee  in  man  or  the  lower  animals  are  denominated  ptttho- 
ijenes,  or  pathogenic.  We  cannot,  however,  classify  bacteria  under 
the  three  headings  chromogenes,  zymogenes,  and  pathogenes,  for 
some  of  the  chromogenic  species  are  als<j  pathogenic,  as  are  some 
of  the  zymogent*.  These  characters  must  therefore  be  ct)nsidere<l 
separately  as  regjirds  e^ich  species,  and  in  studying  its  Ufe  histoi-y  and 
diatinguisliing  characters  we  determine  whether  it  is  chromogenic 
or  non-chromogenic ;  whether  it  produces  special  fermentations ; 
and  whether  it  is  or  is  not  pathogenic  when  inoculated  into  the 
lower  auimuls.  In  making  the  distinction  between  pathogenic 
and  non-i«a.hogenio  microorganisms  we  must  remember  that  a 
oertuin  sj)ecie8  may  be  pathogenic  for  one  animal  and  not  for  an- 
other. Thus  the  anthrax  bacillus,  which  is  fatal  to  cattle,  sheep, 
rabbits,  guinea-pigs,  and  mice,  does  not  kill  white  rats  ;  the  bacillus 
of  mouse  septicarnia  kills  house  mice,  but  field  mice  are  fully  im- 
mune from  its  pathogenic  effects ;  on  the  other  hand,  the  IhicIUus  of 
glanders  is  fatal  t4>  field  mice  but  not  to  house  mice. 
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Again,  it  must  be  remembered  that  pathogenic  power  also  de- 
pends, to  a  greater  or  less  extont,  upon  the  dose  injected  into  an 
animal  as  compared  to  its  lx»dy  weight.  Some  f  >athogenic  organ- 
isms in  very  minute  doses  give  rise  to  a  fatal  itifectious  malady ; 
others  are  only  able  to  overcome  the  viUil  resisting  ix>wer  of  the 
tissues  and  fluids  of  the  body  when  intriKluced  into  the  circulation, 
or  into  the  sulwiitaiieous  tissue  or  abdominal  cavity,  in  considerable 
amoimts.  Some  pathogenic  bjicteria  invaile  the  blood  ;  others  mul- 
tiply only  in  certain  tissues  of  the  l>oJy  ;  and  others  again  multiply 
in  the  intestine  and  by  tlie  formation  of  poisonous  products  which 
are  absorbed  show  their  pathogenic  p<>\ver. 

Another  classification  of  the  bacteria  i-elates  to  the  environment 
favorable  to  their  development.  Thus  we  speak  of  saprophj'tic  and 
parasitic  bacteria,  or  of  Saprophytes  and  Parasites. 

The  saprophytes  are  such  as  exist  indoperidentty  of  a  living  host, 
obtaining  tlieir  supply  of  nutriment  from  dead  animal  or  vegetiible 
material  and  from  water  containing  organic  and  inorganic  matt<M's 
in  solution.  The  .'if rict  parasites,  on  the  other  hand,  dct>end  upon 
a  living  host,  in  the  body  of  which  they  multiply,  sometimes  without 
injury  to  the  animal  upon  which  they  depend  for  their  existence,  but 
frequently  as  harmful  invailers  giving  rise  to  acute  or  chronic  uifec- 
tious  diHea.Hes.  Micnx'irganisms  which  ordinarily  lead  a  saprophy- 
tic existence,  but  which  can  also  thrive  witiiiu  the  body  of  a  living 
animal,  are  calletl  fficultative  parasites.  Thus  the  leprosy  bacillus, 
which  is  only  found  in  leprous  tissues,  is  a  strict  parasite  ;  while  the 
typhoid  bficillus,  the  cholera  spirillum,  etc.,  are  facultative ptirasites, 
inasmuch  as  they  are  capable  of  maiutainiug  an  independent  exist- 
ence, for  a  time  at  least,  externa!  to  the  bodies  of  living  animals. 

It  seems  probable  that  the  pathogenic  organisms  whicli  are  only 
known  to  us  to-day  as  strict  parasites  were,  at  some  time  in  the  past, 
saprophytes,  which  gi-adually  became  accustomed  to  a  parasitic 
mode  of  existence,  and,  undtT  the  changed  conditions  of  their  envi- 
ronment, finally  lost  the  jwwer  of  living  in  association  with  other 
saprophytes  exposed  to  variations  of  temperature,  etc.  The  tubercle 
bacillus,  for  example,  is  known  to  us  only  as  a  para.site  which  has  its 
habitat  in  the  lungs,  lymi»hatic  glands,  etc.,  of  man  and  of  certain 
of  the  lower  animals.  But  we  are  able  to  cultivate  it  in  artificial 
media  external  to  the  body  ;  and  it  is  in  accord  with  modern  views 
^relating  to  the  development  of  sjxjcies  to  suppose  that  at  some  time 

the  past  it  Wtis  able  to  lead  a  saprophytic  existence.  Not  to  admit 
this  forces  us  to  the  conclusion  that,  at  some  time  8ubse<[uent  to  the 
appearance  of  man  and  the  lower  animals  in  which  it  is  now  found 
as  a  parasite,  it  Wiis  created  with  its  present  biological  characters. 
which  restrict  it  to  a  parasitic  existence  in  the  bodies  uf  these  aui- 
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nials.  aiui  tliat,  consequently,  the  immenBe  destruction  of  human  life 
which  hits  resultftl  from  its  jmraaitic  invasion  of  successive  genera- 
tions was  designed  wlipu  it  was  created.  The  opposite  \'iew  is  sup- 
ported by  numeroHH  factn  which  shuw  that  these  low  organisms,  like 
tliose  higlier  in  the  st^ale.  are  subjeirt  to  modifieatit>ns  as  a  result  of 
changed  conditionn  of  environment,  an<l  that  such  modifications,  in 
the  course  of  time,  may  Ijecome  well-eHtahlislied  ajwcific  cliaracters. 

Again,  the  ba<'teria  may  he  grouped  into  (lerobic  and  anaerobic 
specii'H.  This  is  a  very  important  distinction,  which  was  first  estab- 
hsht*«l  by  Pasteur,  who  found  that  certain  bacteria  will  only  grow 
when  freely  supplied  with  oxygen,  while  others  absolutely  decline  to 
grow  in  the  presence  of  this  gas.  The  latter,  which  are  spoken  of  as 
strict  anarrohics.  nia,v  be  cultivated  in  a  vacuum  •>r  in  an  atmo- 
sphere of  hydrogen.  Those  species  which  grow  either  in  the  pre- 
sence of  oxygen  or  when  it  is  excluded  are  calle<l  facultative  an- 
(u-'robic^. 

Certjiin  bacterifi  produce  a  j)eptonizing  ferment  which  lias  the 
power  of  liquefnng  gelatin.  This  has  led  to  the  classification  of 
th(»st»  microorganisms  of  this  class  which  grow  in  Kixih's  flesh-pep- 
tone-gelatin as  lique/yiiHj  and  iii>n-tiqnffttin(f  bacteria. 

Again,  we  speak  of  them  as  motile  or  non-motile. 

It  is  exndent  that  these  biological  characters,  although  all-im- 
]>ortant  in  tlio  definition  of  sjK-cies,  cannot  serve  us  in  an  attempt  to 
establish  natural  genera  :  for  the  lines  are  not  sharply  drawn  l)etween 
the  saprophytes  and  the  pjirasites.  the  aerobics  and  the  aniujrobics, 
etc..  inasmuch  as  we  have  fat^ultative  parasites  and  facultative  au- 
aerobics  which  we  cannot  include  in  either  class,  and  which  j'et  do 
not  form  a  distinct  class  by  themselves.  We  therefore  adhere  to  the 
morphological  clawsificAtion.  although  this  is  open  to  criticism.  For 
example,  among  the  nHl-shaped  organisms  which  we  call  bacilli  and 
descril)e  under  the  generic  name  Hacillns  there  are  some  which 
multiply  by  binary  division  only,  while  others  form  endogenous  re- 
prinluctive  btnlies  known  as  .spores.  Certainly  .ho  importjint  a  differ- 
ence in  the  ukmIc  of  reproduction  should  be  sutficient  to  se|uinitu 
these  r(Ml-»haped  organisms  into  two  natural  groups  or  genent. 

As  heretofore  stated,  the  German  bacteriologist  Hueppe  has  at- 
tempte<l  a  cla»<ification  based  upon  the  m<xie  of  reproduction,  in 
which  he  makes  two  groups,  or  "  tribes,"  one  in  which  repi"Ofluction 
o<H!urs  by  the  f«jrmation  of  endogenous  spores — "  endospures  " — the 
other  in  which  it  occurs  by  the  formation  of  "  arthrospores." '  The 
latter  gnmp  includes  all  of  those  l>a«;teria  in  which  no  other  mode  of 
nudtiplicatioti  is  known  than  that  by  binary  division,  which  is  com- 
mon to  nil.  In  the  pn.«sent  state  of  our  knowledge  this  classification 
'  Kik  •ucouDi  of  thl4  irnitie  of  repro^luction  ia  given  on  page  19. 
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18  scarcely  to  be  considered  of  practical  value,  inasmuch  as  the  ques; 
tion  of  spore  formation  is  still  undetermined  for  a  large  number  of 
species. 

In  the  following  table  we  shall  give  the  characters  of  the  dif- 
ferent genera  which  have  been  deHcril:)ed  by  recent  hdtanists  and 
bacteriologists,  arranged  under  the  three  headings,  MuKOCOCCI, 
Bacilli,  Spirilla.  Where  we  doubt  the  propriet}-  of  maintaining 
a  distinct  generic  name  np<in  the  suppcwed  distinguishing  characters, 
the  description  mhU  1h»  printed  in  suihU  tyjje. 

MICROCOCCI. 

Oeneral  Characters. — Spherical  bacteria  which  are  reproduced 
by  binary  division  ;  usually  without  spontaneous  movements  ;  do  not 
form  endogenous  spores.  (According  to  some  authors,  certain  cells, 
known  as  arthnwjpores,  may  be  dLstinguished  by  their  greater  size 
and  refractive  power,  ami  these  are  supposed  to  have  greater  resist- 
ance to  desiccation  than  the  ordinary  cocci  resulting  fi-om  binary 
division,  and  to  serve  as  reprotluetive  bodies.)  Some  micrococci  are 
n<it  ])reci.'*ely  rt)und,  but  are  somewhat  oval  in  form  ;  jind  when  in 
process  of  division  the  cocci,  necessarily,  are  more  or  less  elongated 
in  one  diameter  before  a  complete  .separation  into  two  spherical  ele- 
ments has  occurred. 

Micrococcus. — Divi.siun  in  one  direction  ;  cocci  single,  in  pairs, 
or  accidental!}-  associated  in  irregtilar  groups  ;  sometimes  held  to- 
gether in  irregular  mas-ses  by  a  tran-sptirent.  glutinous,  intercellular 
substance,  (Microc<>cci  belonging  to  this  genus  are  freciueiitly  de- 
Bcrilied  as  "  staphyhxjocci,"  and  Staphylococcus  i.s  lined  by  Rosen- 
bach  as  a  generic  name  for  the  pus  eoeci  descrited  by  him,  which 
are  solitary  or  associated  in  irregular  gn>ups,  as  above  descrilKMl.) 

Ascococccs. — CtX'ci  associated  in  globular  or  lolnUated.  zocigloea 
masses  by  a  rather  firm  intercellular  substance. 

Leucoxostoc. — Cocci,  solitarj'  or  in  chains,  sun-ounded  by  a 
thick,  gelatinous  enveloiw  an<l  forming  zoogloea  of  <-artilaginous 
consistence. 

Streptococcus. — Division  in  one  direction  only  ;  cocci  associ- 
ated in  chains. 

DiptococciM.— Division  in  one  direction  only  ;  cocci  associated  in  pairs. 

Aissociation  in  pairs  is  cominou  to  all  of  the  luici-ococci,  inasmuch  as 
they  multiply  by  bmiiry  division.  When  such  association  has  rather  a  per- 
manent character,  it  is  customary  to  speak  of  the  microorganism  as  a  diplo- 
coccus,  but  we  doubt  the  propriety  of  recognizing  this  mode  of  association 
AS  a  generic  character. 

Merismopedi.\. — Division  in  two  directions,  forming  groups  of 
four,  which  remain  associated  in  a  single  plane — "tetrads." 

Sarcina. — Division  in  three  directions,  forming  packets  of  eight 
3 


18 


CLASSIFICATION. 


t^ 


or  more  elements,  which  remain  associated  in  more  or  lees  regular 
cubical  masses. 

BACILLI. 

General  Characters.— Rod-shajted  and  filanientous  (not  spiral) 
bacteria  in  which  there  is  no  differentiation  between  the  extremities 
of  the  rodH  ;  repnidiK-rion  by  binary  div-ision  in  a  direction  trans- 
verse to  the  long  axis  <jf  the  nwis,  or  by  binary  division  and  the  for- 
mation of  endogenous  spores  ;  rigid  or  flexible  ;  motile  or  non-motile. 

Bacillus. — Characters  as  given  above. 

Bacterium. — Tliis  frenus,  esla^bliKhett  by  Dujardin.  is  now  generally 
abandoned,  the  species  formerly  iuc]ud(>d  in  it  being  transferre<l  to  the^nus 
Bacillus.  As  defined  by  Cohn,  the  geueric  characters  were  ;  Cells  cylindri- 
cal or  elliptical,  free  or  united  in  pairs  duriiiff  their  division,  rarely  in 
fours,  never  in  chains,  sometimes  in  zoogltea  (ditferiHtr  from  Ihe  zoogloea 
of  spherical  bacteria  by  a  more  abundant  and  (irmer  inteirelhiar  substance), 
having  spontaneous  movements,  oscillatory  and  very  active,  especially  in 
media  rich  in  alimentary  material  and  in  presence  of  oxygen. 

C/o*/riJitt»n.  —  K«xl  shaped  iMicteria  wliicli  form  large,  endogenous,  and 
nsuallv  oval  spores  ;  these  are  centrally  located,  and  during  the  stage  of 
spore  formation  the  rods  become  fusiform. 

SPIRILLA. 

General  Characters. — Curved  rods  or  spiral  filaments ;  rigid  or 
flexible  ;  repro<luction  by  binary  division,  ur  by  binary  divij«ion  and 
the  formation  of  endogenous  spt-Ji-es  (or  by  arthrDspores  ?) ;  move- 
ments rotatory  in  the  direction  of  the  long  axis  of  the  filaments. 

Spirillum. — Characters  as  above. 

Spiroehate. — Flexible,  spiral  filaments;  movements  rotatory. 
Vibrio. — F'ilamenta  tlo.xiole.  straight  or  sinuous;  movements  sinuous, 
A  considerable  number  of  bacteria  which  are  usually  seen  as  short,  curved 
roiis,  but  which  may  erow  out  into  long,  spiral  filaments,  are  described  by 
acme  authors  under  the  generic  name  Vibrio,  e.g.,  the  so-called  "comma 
bacillus  "of  KtK'li  —  "  Spirillum  cholene  Asiatic;e"  ;  the  spirillum  of  Finkler 
and  Prior — "  Vibrio  proteus";  the  spirillum  describetl  by  tiamoleia — "  Vibrio 
M«tschnikovi,"etc.  These  micnMirganisms  have  not  the  characters  which 
distinguished  the  genus  Vibrio  as  established  by  Ehrenberg,  and  we  prefer  to 
fuUow  Fliigge  in  describing  them  under  the  geueric  name  Spirillum. 

The  path«-)genic  bacteria  now  known  belong  to  one  or  the  other 
of  the  above-described  genera,  and  the  attention  of  Imcteriologista 
has  been  given  chiefly  to  the  study  of  micrococci,  l)acilli,  and  spirilla. 
But  the  botanists  place  among  the  bacteria  certain  other  forms  which 
are  found  in  water,  and  which,  in  a  systematic  account  of  this  class 
of  nxicroorganisms,  demand  brief  attention  at  least.  These  are  in- 
cluded in  Baumgartens  second  group,  which  includes  the  pleomor- 
phous  bacteria. 

SriRULlNA  (Hueppe). — The  vegetative  cells  are  sometimee  rod- 
shaped  and  sometimes  npiral ;  in  suitable  me<lia  they  may  grow  out 
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into  long,  straight,  wavy,  or  spiral  filaments.  These  filaments  may 
break  up  into  cocci-like  reproductive  elements — "  arthrospores." 

LEPTOTRlCHEiE  (Zopf). — The  v^etative  cells  present  rod-shaped 
and  spiral  forms,  and  grow  out  into  straight,  wavy,  or  spiral  fila- 
ments ;  these  may  show  a  difference  between  the  two  extremities, 
of  base  and  apex.  Cocci-like  reproductive  bodies  are  formed  by  s^- 
mentation  of  the  rod-shaped  elements  in  these  filaments.  In  some 
of  the  species  the  s^n^ents  are  enclosed  in  a  common  sheath.  Sub- 
genera: Leptothrix,  Beogiatoa,  Crenothrix,  Phraomidio- 
THRix  (for  generic  characters  see  page  12). 

CLADOTRiCHBiB  (Zopf). — The  vegetative  cells  are  rod-shaped 
or  spiral,  and  grow  out  into  straight  or  spiral  filaments,  which  may 
present  pseudo-ramifications.  A  single  genus,  Cladothrix  (see 
page  12). 
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Ik  the  present  chapter  we  shall  give  a  general  account  of  the 
morphology,  modes  of  grouping,  and  dimensions  of  the  bacteria. 

The  standard  of  measurement  used  by  bacteriologists  is  the  micro- 
millimetre,  or  the  one-thousandth  part  of  a  millimetre.  This  is 
represented  by  the  Greek  letter  fi.  One  ft  (mieromiltimetre)  is  equal 
to  about  one-twentj'-five-thousandth  of  an  English  inch. 

The  (Spherical  bacteria,  or  micrix?occi,  differ  greatly  in  size,  and 
also  in  the  mode  of  grouping  when,  as  a  result  of  binary  division, 
they  remain  a88<K-iated  on€>  with  another.  The  smallest  may  mea- 
sure no  more  than  n.  1 «,  whiU'Home  of  the  larger  Hjiecies  are  from 
one  to  two  ju  in  diameter.  The  ononnuus  uunilher  of  these  minute 
org^anisms  which  may  be  contained  in  a  small  drop  of  a  pure  cxdture 
may  be  easily  estimated  in  a  rough  way.  Compare  a  single  micro- 
ctK'cus,  for  example,  with  a  sphere  having  a  diameter  of  one-twerity- 
fifth  of  an  inch.  If  our  microctxxrus  ia  one  of  the  larger  sort,  havdng^ 
a  diameter  of  one  ^l,  it  would  tttke  a  chain  of  out'  thousand  to  reach 
acro-ss  the  dianieter  «>f  sucli  a  sphere,  and  it.s  ntass,  as  compared 
to  the  larger  sphere,  would  Iw  as  1  tf)  523,tJ<KJ.<XKJ. 

The  number  of  cfn-ci  in  a  milligramme  of  a  |)ure  cultiire  of  Staphy- 
lococcUfi  pyogenes  aureus  has  Invn  estinrnted  by  Rujwid,  by  count- 
ing, at  H,0(K),rKMI,(KX). 

Not  only  ilo  different  species  differ  in  dimensions,  but  consider- 
able differt'»nci'«  in  size  may  Iw  re<.'ognizetl  in  the  individual  cocci  in  a 
pun>  cultur»>  of  the  same  spei'ies.  On  the  othtT  bund,  there  are 
numerous  species  which  so  cl«>sely  rewmble  each  other  in  size  and 
mode  of  association  that  they  cannot  be  differentiated  by  a  micro- 
scopic examiuatioTi  alone,  and  we  must  d»>j>end  ujion  other  characters, 
such  ai»  color,  growth  in  various  culture  media,  pathogenic  power, 
etc.,  to  decide  the  question  of  identity  or  non-identity. 

When  in  active  grt»wth  the  micrococci  necessarily  depart  from  a 
typical  spherical  form  just  l)efore  dividing,  and  under  these  circum- 
stances may  be  of  a  short  or  long  oval.  When  divisi(m  has  taken 
place,  if  the  two  memliers  of  a  pair  remain  as.sociated  they  are  often 
more  or  less  flattened  at  the  point  of  contact  (Fig.  1,  a). 
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When  in  a  culture  the  cocci  are  for  the  moBt  part  associat^xi  iu 
pairs  (Fig.  1,  d),  we  speak  of  the  organism  as  a  diplococcus. 

The  staphylococci  are  characterized  by  the  fact  that,  for  the  most 
part,  the  iDtlividual  cocci  in  a  culture  are  solitary  (Fig.  1,  6).  But, 
inasmuch  as  multiplication  occurs  by  binary  division,  we  also  have 
pairs  and  occasionally  a  group  of  four — probably  from  the  accidental 
apposition  of  two  pairs  (Fig.  1,  c) ;  or  they  may  be  associated  in  grape- 
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like  bunches;  and  after  staining  and  mounting  a  preparation  we  find 
the  cells  associated  in  irregular  groups.  This  results  from  the  fact 
that  they  are  surrounded  by  a  glutinous  material  which  causes  them 
to  adhere  to  each  other  (Fig.  1,  e).     A  mass  of  cocci  held  together  in 
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this  way  by  a  transparent,  glutinous,  intercellular  substance  is  spoken 
of  as  a  zwigkea  (Fig.  2).  In  the  genus  Ascococctis  the  intercellar 
substance  is  quite  firm  and  the  zoogloea  are  in  the  form  of  spherical 
or  irregularly  lobulated  masses  surrounded  by  a  resistant  envelope  of 
jelly-like  material  (Fig.  •')). 

When,  as  a  result  of  division  in  one  direction  only,  the  cocci 
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remain  unit«d  in  chains  (Fig.  4,  a),  they  are  desnribed  as  s/7*ep<ococc», 
and  are  sometimes  spoken  of  as  in  chaplcfs  or  in  tarula  chains.  In 
Buch  chains  we  fre«iuently  find  the  evidence  of  recent  division  of  the 
C'Xici.  as  sho\«i  by  the  grouping  of  the  elements  of  the  chain  into 
pairs  (Fig.  4.  h). 

When  division  occurs  liabitually  in  two  directions,  groups  of  four 
result,  which  are  spoken  of  as  fefradtt.  This  is  the  distinguishing 
character  of  the  genus  Mfrismopetliit,  In  these  groups  of  four  the 
indiv-idual  cocci  are  often  flattened  at  the  points  of  contact,  as  in 
Fig.  5,  b.  We  also  find  pairs  and  groups  of  three  in  pure  cultures  of 
species  Ijelonging  to  this  genus,  as  shown  in  Fig.  5,  c.  In  these, , 
transverse  division  lias  not  yet  occurred  in  one  (*r  in  both  elements  of' 
a  pair.  This  association  of  micrococci  in  tetrads  seems  to  be  maiu- 
taineti.  in  .siime  sj^iecies  at  least,  bj-  the  fact  that  each  group  of  four  is 
enclosed  in  a  jelly-like  cajt.sule.  The  extent  of  this  capsule  differs  in 
the  same  sjjecies  initler  different  circiiinstances;  as  a  rule,  it  is  most 
apparent  when  a  culture  has  been  made  in  a  Ikpiid  medium.   Some  of 
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the  diplococci  have  a  similar  capsule.  The  jelly-like  substance  does 
not  stain  well  with  the  aniline  colors  and  is  swn  as  a  transparent 
halo  around  the  stained  ci»cci.  Some  authors  (Frankel  and  Pfeiffer) 
beUeve  that  tliis  capsule  is  formed  by  the  swelling  uji  of  the  cell 
membrane  as  a  result  of  the  inibibitiun  of  water. 

When  division  occurs  in  three  directions  packets  of  eight  or 
more  elements  are  fonne<l.  This  mmle  of  association  characterizes 
the  genus  S(ircina.  The  "  jMicket  form  "  is  best  seen  in  an  un- 
staineil  pr«»p}iration  fnim  a  fresh  culture,  in  which  a  little  material 
suspended  in  water  is  exannned  under  a  comi>aratively  low-power 
objective — one-sixth  (Fig.  it). 

Among  the  bacilli  there  is  room  for  a  wider  range  of  morphologi- 
Cttl  characters.  They  differ  not  only  in  dimensions  and  in  modes  of 
grouping,  but  in  fonn.  The  relation  of  the  transverse  to  the  longi- 
tudinal diameters  affords  a  great  variety  of  forms,  varying  from  a 
short  oval  element  to  a  slender  rod  or  elongat^nl  Blament.  But  it 
must  be  rememberetl  that  we  may  have  short  rods  and  long  fUamentu 
in  a  purw  culture  of  the  s»ime  bacillus— the  typhoid  bacillus,   for 
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example.  There  are  also  considerable  differences  in  the  transverse 
diameter  of  bacilli  Ijelon^ng  to  the  aame  species  when  cultivated  in 
different  media,  i)r  even  in  the  namo  inediiun.  although,  as  a  rule, 
the  transverse  diajueter  is  tolerably  unifonn  in  pure  cultures. 

Again,  the  form  of  the  extremities  of  the  rods  is  to  be  observed 
(Fig.  ?).  This  may  Ix?  8<|uare,  or  the  comers  may  be  slightl}' 
rounded,  or  the  extremities  may  l*e  quite  round  or  lanoe-oval,  or 
the  outlines  of  the  roil  may  l>e  spindle-shaped  from  the  formation  of 
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central  spore — "Clostridium" — or  one  end  may  be  dilated 
"from  the  fonnation  of  a  large  terminal  spore. 

In  old  cultures  we  f  requentl}' find  irregular  forms  due  to  swellings 
and  constrictions,  which  probably  occur  in  bacilli  which  have  but 
Uttle  vitality  or  are  already  dead.  These  are  spoken  of  as  involution 
forms  (Fig.  8). 

The  bacilli  multiply  by  binary  division  in  a  direction  transverse 
to  the  longitudinal  axis,  and,  as  a  result  of  such  binary  division,  long 
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chains  in  which  the  elements  remain  associated  may  l)e  formed 
(Fig.  9)  ;  or  the  rods  may  l>e  for  the  im>st  part  solitary  or  united  in 
pairs.  Like  the  micrococci,  the  bacilli  are  sometimes  surrounded  by 
a  gelatinous  envelope  or  capsule.  They  may  also  be  united  by  a 
glutinous  material  into  zoogluM  masses. 

Bacilli  which  under  certain  conditions  are  seen  as  short  rods 
may,  under  other  cinnmistancos,  grow  out  into  long  filaments,  and 
these  may  be  associated  in  bundles  or  in  tangled  masses. 

The  spirilla  differ  from  the  bacilli  in  the  form  of  the  rods  and  fila- 
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Ttieiits,  which  are  curved  or  spiral.  The  shorter  etements  m  a  pure 
culture  may  be  simply  curved,  as  in  n,  Pig.  10,  while  the  spiral  fumi 
liecomes  apparent  in  th<>se  which  are  longer,  and  we  may  have  one 
or  several  tum»  of  the  spiral  (Fig.  10,  /;).  The  spiral  form  may  l)P 
but  slightly  marked  (Fig.  10,  r),  or  the  turiiH  may  l>e  close  and  deep 
as  in  a  corkscrew  (Fig.  10.  f/).  Again,  the  curved  filaments  may  be 
nhort  and  rigid,  or  long  and  flexible  {Fig.  10,  e). 

In  the  genus  Chuirtfltrir,  which  is  pla<'ed  by  botanists  among 
the  bacteria,  the  filaments  appear  to  branch  ;  but  this  branching  is 
»>nly  apparent,  and  there  is  no  true  dichotomous  branching  in  tliis 
class  of  microorganisms.  The  false  bnmching  of  Cladothrtx 
dichotonta,  Cohn,  is  shown  iti  Fig.  11.  The  fact  that  some  of  the 
larger  species  of  bacilli  and  spirilla  are  provided  with  slender,  whip- 
like appendages  ctiWed  flncfi'Utt  has  lieen  known  for  niany  years,  and 
it  has  for  some  time  been  susi>ected  that  all  of  the  motile  urganisms 
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of  this  cla.ss  are  provided  with  similar  appendages  and  that  these  are 
organs  of  kx-omotion.  Recently,  by  improvements  in  metho<ls  of 
staining.  L<.'>ftler  ha«  demonstrated  the  preseni-o  of  fl<tgt'lla  in  many 
species  in  which  they  had  heretofore  es<"aped  t)li«ervation.  They  are 
sometimes  single,  at  tlie  ends  of  tlu«  n^ls  (F'ig.  I'i,  a);  or  there  may 
be  several  at  the  extremity  of  a  single  rod  (Fig.  I'i,  h);  again,  they 
are  seen  in  considerable  numl>ers  arouud  the  jteriphery  of  the  rod 
(Fig.  Vi,  c). 

The  bacilli  and  spirilla  sometimes  cont^iin  in  the  interior  of  the 
cells  grannies  of  different  kinda  Thetw^  may  appear  like  little  oil 
N^lrops  or  they  may  be  more  opatjue.  In  the  genus  Bcggiatoa  grains 
of  sulphur  are  found  in  the  interior  of  the  cells.  Again,  we  may 
find  vacuoles  in  the  prot«^)plaj&ni ;  or,  in  stainetl  preparations,  deeply 
stained  granules,  which  are  not  spores,  may  be  sei'n  at  the  extremi- 
tie«  of  the  rotls — end-staining.  The  morphok>gical  characters  de- 
pending upon  the  formation  of  endogenous  spores  will  be  referred  to 
hereafter. 
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The  rapid  development  of  mir  knowleilgo  with  reference  to  the 
minute  nii<T<K>rf^inHn»«  under  ctinsideration  dejiends  very  largely 
upon  the  discovery  that  they  may  be  stained  by  varidus  dye«.  and  es- 
pecially by  the  aniline  colors,  Weigert  ( 187'))  was  the  first  to  employ 
these  colors  in  stiidj'ing  the  bacteria,  and  Koch  at  once  recognized 
the  value  of  the  method  and  njade  n.se  of  it  in  hi>s  resiearches. 

The  basic  aniline  colors  are  those  employed,  and  among  these  the 
moet  usefid  are  fiichsiii,  methylene  blue,  gentian  violet,  Bismarck 
brown,  and  veHuvin. 

Stai'nhiff  up>m  the.  Cover  Glass  or  Slide. — By  a  "cover-glass 
prejxaration "  we  mean  that  material  stipposed  t4>  contain  bact4»ria 
has  been  spi-ead  out  ujmmi  a  thin  glaj^s  cover,  dried,  and  stained  for 
microscopical  examination.    A  small  drop  of  a  liquid  culture  may,  for 
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exampk',  be  spread  ujion  a  jwrfectly  clean  cover  glass  by  means  of  a 
j»]atinum  wire  held  in  a  glaws  handle  (Fig.  i;j).  Or  we  may  jdace  a 
drop  of  water  in  the  centre  of  the  thin  gliiss  cover,  and  by  means  of 
the  same  instrument  take  a  little  material  from  a  culture  made  upon 
the  surface  of  a  solid  medium  and  distribute  it  through  the  drop. 
In  this  case  we  must  Ix'  careful  to  take  very  little  of  the  matorijil,  as 
the  smallest  quantity  wnll  contain  an  immense  number  of  bacteria, 
and  for  a  satisfactory  ww  of  the  iTulividiial  cells  it  is  necessary  that 
they  be  well  sepjirated  from  each  other,  in  some  parts  of  the  prepa- 
ration at  least,  and  not  massed  together. 

Where  the  object  is  to  make  a  cabinet  prejMiration  for  permanent 
prtMservation,  H|»ecial  care  sluudd  l»e  taken  to  ilistribute  the  bacteria 
uniformly  through  tin-  drop  of  water.  The  next  step  consists  in  eva- 
porating the  litpiid  «j  that  the  bacteria  may  remain  attached  to  the 
surface  of  the  glass  cover.  This  may  be  done  by  simple  exposure  to 
the  air  or  by  the  application  of  gentle  heat.     When  the  bacteria  are 


26 


STAlNINtJ    METHODS. 


suspended  in  an  albuminnus  inediuin  it  will  be  necessary,  after  the 
film  is  dry.  to  lik?at  the  pi-eparatiun  surtidently  to  coagulate  the  albu- 
men, in  order  that  it  uwiy  nut  be  washed  off  in  tlie  Hubsetiuent  stain- 
ing' pnx'ess.  This  is  best  ilone,  in  mvordaiu'e  with  Km-h's  direc-tinns 
for  the  preparation  of  tubereidi)U!4  sputum,  by  passing  the  cover 
glass,  held  in  slender  forceps,  rather  (|uickly  thruugh  the  rtame  of  an 
alcohol  lamp  three  times  in  suec^essinn.  In  this  iJi>eration  it  must 
b^  rt"metnltered  that  t<M>  much  heat  will  destroy  the  prepiration, 
while  too  little  wll  fail  to  ai-eiimplish  the  object  in  view — iHMigu- 
lation  of  the  albumen.  In  ptLssing  the  cover  glass  through  the 
flame  the  smeared  side  is  to  be  liehl  upwiird.  The  time  retjuireil 
will  he  about  three  seconds  fiu*  passing  it  thn-e  times  as  direi-ted  ; 
hut  this  will  vary  according  to  tlie  intensity  of  the  flame,  and  some 
little  ex|»*rience  is  necessary  in  order  to  obtain  the  J>est  results. 

The  operation  of  "fixing,"  or  coagulating  the  albumen,  may  also' 
l>e  effected  by  exposure  in  a  dry-iiir  oven,  heatetl  to  VHX"  to  130°  C, 
for  a  few  minutes  (two  to  ten  minutes),  as  direi-ted  by  Ehrlich. 

Bacteria  simply  suspended  in  distilled  water  ailhere  very  well  to 
the  cover  glass  when  treated  as  diivcteil,  but  if  they  have  been  taken 
from  a  li<juefied  gehitiu  culture  the  film  is  very  apt  to  Iw  washed 
away  during  the  staining  pnnvss.  This  is  l)est  avoidtnl  by  talcing  its 
little  as  possible  of  the  gelatin  mtxlium  and  susp«.>nding  the  bjicteria 
to  be  examinetl  in  a'dn>p  of  water,  which  dilutes  the  gelatin  and 
washes  it  away  frtim  the  surfat^-e  of  the  cells. 

Smettr  Pit'pnrafinn.s. — In  vjirious  infectious  disejtses  bacteria  are 
found  in  tl»e  bloi»d  and  tissues  of  the  ImmIv,  and  their  prt^seuce  may 
be  demonstrated  by  niriking  what  is  called  a  smear  preparation.  A 
little  dn»p  of  blixtd  maybe  spread  upon  the  thin  glass  cover,  or  it 
may  lie  brought  in  contact  with  tlie  fivshly  cut  surface  of  one  of  the 
vascular  organs,  us  the  Hver  or  spleen.  It  is  especially  desirable  that 
the  iruiterial  used  for  such  a  preparation  Im»  small  in  aniouutand  dis- 
tributed evenly  in  a  very  thin  layer.  In  (ierniany  it  is  the  custom, 
in  making  smear  preparations,  to  press  the  material  tjetween  two  glass 
covers,  which  are  then  separated  by  sliding  them  apart,  thus  leaving 
a  thin  layer  ujjon  each.  This  answers  very  well,  but  the  writer  pre- 
fers to  spH'ad  the  material  by  draw*ing  acn>ss  the  fjice  of  the  cover 
gUiss  the  end  of  a  well-grouml  and  poli.shed  glass  slide.  This  method 
is  especially  useful  for  spreading  hl(x>d  in  a  uniform  layer,  in  which 
the  corpuscles  are  evenly  di.stril)ute<l  and  r*>tain  their  nornuil  form. 
A*'ery  small  drop  of  blood  is  placed  near  one  edge  of  the  cover  glass, 
which  is  placed  upon  a  smooth  surface  ;  the  glass  sUde  is  held  at  a 
very  acute  angle  and  is  gently  drawn  across  the  cover  glass,  without 
any  pressure. 

Most  l>a<-t«>riologistM  make  their  preparations  upon  the  cover  glass* 
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,  as  above  describe^l.  but  the  writer  has  for  a  number  of  years  made 
is  mounts  of  bacteria  up<5u  the  glass  slide,  and  believes  that  this 
aiethod  has  sotue  advantages  for  even'-day  work.  The  thin  glass 
'covers  rwiuired  when  a  preiwration  is  to  be  examined  with  an  im- 
mereiou  objective  of  liigh  jwwer,  are  easily  broken  and  often  drop])e«l 
from  the  fingers  or  forceps.  When  the  niatenal  to  !«?  examined  is 
spread  and  dried  directly  uptin  the  glass  slide,  the  u^jeratitm  is  at- 
tended with  less  difficulty  and  fewer  accidents  and  the  results  are 
quite  as  good.  In  this  case  the  slide  is  held  in  the  fingers  during  the 
various  steps  in  the  oj)eratiou  of  distributing,  drying,  and  staining, 
while  the  thin  glass  cover  must  l>e  held  in  delicate  forceps. 

Contact  Prepuratioii.f. — When  a  dry  ami  clean  cover  gla.ss  is 
brought  in  contact  with  a  colony  or  surface  culture  we  maj'  often 
obtain  a  very  pretty  prepjiration,  showing  the  btictcria  in  a  single 
layer,  and  preserving  the  arrangement,  as  regarils  grv»wth,  which 
[characterizes  the  species.  Similar  prejMiratious  may  sc)nietime8  be 
[obtained  from  tiie  surface  o{  li(juid  cultures,  when  the  bacteria  grow 
U{><>u  the  surface  as  a  thin  tilm.  The  cover  gla.ss  is  to  be  gently 
brought  into  contact  with  this  surface  growth,  \vhich  adheres  to  it 
and  is  dried  and  stained  by  the  usual  niethixls. 

Stuininy  of  the  dried  film  is  quickly  effecte<l  by  using  an  aqueous 
solution  of  one  of  the  aniline  colore  above  mentioned.  For  general 
use  the  ■writer  prefers  a  s«.)lution  of  fuch.siu,  on  account  of  the  promjit- 
nessof  its  staining  action,  and  because,  in  preimrations  for  i»ermanent 
preservation,  it  is  not  as  likely  to  fade  as  methylene  blue  or  gentian 
violet.  It  is  also  a  better  c«.>lor  tlian  blue  or  violet  in  case  a  photo- 
micrograph is  to  l>e  made  from  the  preparation. 

It  is  best  to  keep  on  hand  saturated  aleuholic  solutions  of  the 
staining  agents  named,  and  to  make  an  .iqueous  solution  whenever 
re<iuired  by  the  addition  of  a  few  drops  to  a  little  water  in  a  watch 
gla.ss  or  test  tulw? ;  for  the  aqueous  solutions  do  not  keep  well  ou  ac- 
count of  the  precipitation  of  the  dye  as  a  tine  pmvder,  which  ren- 
ders the  solution  opaque.  The  addition  of  ten  jier  cent  of  alcohol 
to  the  aqueous  sohitiiin  will,  however,  prevent  this  precipitation  ; 
but,  as  a  rule,  freshly  prejmred  solutions  are  the  l>est.  These  shuidd 
be  filteretl  befoiv  use.  We  may  place  a  few  drojjs  of  the  filtered 
solution  upon  the  dried  film  ou  the  slide  or  cover  gla.ss,  or  the  tliiu 
cover  may  be  floated  u{>on  a  little  uf  the  solution  in  a  watch  glass. 
In  some  cases  it  is  best  to  use  heat  to  e.v{»edite  the  staining,  and  this 
may  be  done  by  holding  the  slide  or  the  watch  glass  over  the  flame 
of  an  alcohol  lamp  until  steam  connnences  to  be  given  off.  If  the 
heating  is  carried  texj  far  the  preparation  is  likely  to  be  spoiled  by 
the  precipitation  of  the  staining  agent.  As  a  rule,  heating  will  not 
be  neeessar}',  and  when  an  aqueous  solution  of  fuehsin  (one  part  to 
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one  liundreJ  of  water)  is  used  most  bacteria  are  stained  within  a 
few  seconds  to  a  minute.  At  the  end  of  this  time  the  staining  solu- 
tion is  Ui  he  washe<l  away  hy  means  of  h  gentle  Htreani  of  water,  or 
by  moving  the  cover  glass  about  in  a  vessel  containing  distilled 
water. 

Dccoforizatinii. — It  often  happens  that  the  alhuminous  material 
associateil  with  the  bm-teria  which  we  projKwe  to  examine  is  stained 
80  deeply  as  to  obscure  the  view  of  these  ;  an(i,  generally,  we  will 
obtain  more  satisfactoiry  preparations  hy  the  vise  of  a  decolorizing 
agent,  hy  which  tlie  htwkgix)uud  is  cleared  up  and  the  outlines  of  the 
cells  more  clejirly  definetl.  The  agents  chiefly  used  for  this  ])urpose 
are  alcohol,  diluted  acids,  and  solution  of  Iodine  with  ix)tassium 
iodide  (Gnuu's  dilution). 

K<»ch  recommends  a  solution  containing  sixty  parts  of  alcohol  to 
forty  parts  of  water.  Tlie  cover  glass  is  to  Ije  quickly  passed 
through  this  solution  two  or  three  times.  Some  bacteriologists  pre- 
fer to  use  absolute  alcohol. 

Or  we  may  use  dilute  acetic  acid  (one-half  to  on©  per  cent)  or 
very  dilute  hydrochloric  acid  (ten  drops  to  half  a  litre  of  water). 

For  decolorizing  preparations  containing  the  tubercle  bacillus 
strong  solutions  of  the  mineral  acids  are  employed  (one  part  of  ni- 
tric or  of  sulphuric  acid  to  three  psirts  of  wtiter). 

Gram's  solution  contains  one  part  of  icxline  and  two  parts  of 
potassic  io<Iide  in  thriH)  hvindred  ]>}irts  of  water.  Special  directions 
will  l»e  given  for  the  use  of  these  agents  when  we  give  an  iR-count 
of  the  staining  mothotls  most  useful  for  the  various  i>athogeaic 
organisms. 

DiHiblf  Stuhiitiff. — After  decolorizing  the  background  of  albu- 
minous material  wo  may  agfdn  stain  this  with  a  contrast  stain, 
such  as  eosin  or  vesuvin.  In  mounts  made  from  pure  cultures, 
either  litjuid  or  solid,  a  single  stain,  for  the  Imcteria  oidy,  is  all  that 
we  require,  ami  our  ami  is  to  have  the  1>ackground  as  free  as  jwssi- 
ble  from  any  material  which  would  oViscure  the  view. 

After  staining,  dtM?olorizing,  and  washing  the  prepsiration  the 
cover  glass  or  slide  is  again  dried  by  exjH>sure  to  the  air  or  gentle 
heat,  and  is  then  readj'  for  the  permanent  mminting  in  C-anada  lud- 
sam.  If  the  bacteria  have  been  stainwl  upon  the  slide,  a  small  drop 
of  balsam  dissolved  in  xylol  is  placed  in  the  middle  of  the  ]>repara- 
tion  and  a  clean,  thin  glass  cover  applie«l. 

If  it  is  the  intention  t<j  make  the  micr«>scopieal  examination  with, 
an  immersion  objective  of  high  p«)wer,  or  to  make  photomicro- 
graphs fmm  it,  only  the  thinnest  glass  covers  should  be  used— one=- 
two-hundretlths  of  an  inch  or  less. 

If  the  preparation  is  not  intended  for  permanent  preservation. 
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the  examination,  ma}-  lie  made  without  drying  the  surface  upon 
which  the  8taine<l  bacteria  are  spreml,  the  water  taking  tlie  place  of 
balsam  in  a  permanent  mount ;  or  we  ma^'  dry  the  film  and  use  a 
drop  of  cedar  oil  between  the  slide  and  cover. 

While  simple  aquei}us  solutions  of  the  •  aniline  colors,  when 
freshly  prepared,  will  pmmptly  stain  most  bacteria,  certain  agents 
may  be  added  to  these  which  aid  in  the  preservation  of  the  solution, 
or  which  act  as  mordants,  and  are  useful  in  special  cases. 

We  shall  only  give  here  a  few  of  the  standard  solutions  wliich 
are  most  frequently  employed  by  experienced  bacteriologists : 

1.  Aniline-Gent iau-Violct  (KhrUch). 

Saturated  alcoholic  solution  of  getitiaii  violet,         .  ..  5  cc. 

Aniline  water.       .......  100  oo, 

2.  Aniline-Meth If} -Violet  (EhrHch-Weigert). 

Saturat-ed  iilcoholic  solution  of  methyl  violet,  .         .         11  oo. 

Absolute  alcohol,  ......  10  oo. 

Aniline  water,  .......  100  cc. 

Aniline  water  for  the  aJx»ve  .solutions  is  prepared  by  .shaking  in  a 
test  tube  one  part  of  aniline  oil  with  twenty  parts  of  distilled  water, 
and,  after  allowing  it  to  stand  for  a  short  time,  filtering  the  saturated 
atjueons  solution  through  a  moistened  titter.  If  the  solution  is  not 
perfectly  transparent  it  should  be  Eltered  a  second  time. 


3.   Carhol-Fnchsi n  (Ziehl's  solution). 


Fuchsia, 
Alcoliol, 


Igm. 
10  cc 


Dissolve  and  add  KM)  cc.  of  a  fivL'-i>er-cent  solution  of  carbolic  acid. 


4.  Alkaline  Bine  Solution  (Loftiers  solution). 

Saturated  solution  of  methylene  blue, 
Solution  of  caustic  [wtasli  of  1:10,000, 


30  oc. 
100  cc. 


These  solutions  keep  better  than  the  simple  aqueous  solutions, 
but  after  ha\"ing  been  kept  for  a  time  they  are  likely  to  lose  their 
staining  jwnver  as  a  result  «jf  the  precipitation  of  the  aniline  color. 

The  following  special  methwls  of  staining  cover-glass  prepara- 
tions will  be  found  useful  in  certain  cases: 

Oram's  Methorf. — The  dried  film  upon  a  slide  or  cover  glass  is 
stained  with  an  afjueous  solution  of  methyl  violet  or  with  aniline- 
gentian-violet  solution  (No.  1);  it  is  then  placed  in  the  iodine  solution 
for  a  minute  or  two  Oodine  one  part,  potassic  io«lide  two  parts,  water 
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three  humlretl  jiarts);  then  washed  in  alcohol,  drieil,  and,  if  for  per- 
manent preservation,  mounted  in  IwLsam. 

Methods  of  Stainini}  the  TrBERCLE  Baiillus.— Numerous 
methods  of  staining  the  tubercle  Vwfilhis  in  sputum  drie<l  iiixm  a 
cover  glass  have  been  proj>osed,  hut  w©  shall  only  give  here  two  or 
three  of  the  most  approved  methods,  either  one  of  which  may  be 
relied  upon  for  satisfactory  results  if  carefully  followed. 

1.  The  Ehrlifh-  Weigert  Meihod, — Place  in  a  watch  glass  a  little 
of  the  aniline-methyl- violet  stilution  (No.  2);  float  ujMm  the  surface 
of  this  the  cover  glass  with  the  dried  film  downward  ;  heat  over  a 
small  flame  until  it  begins  to  steam,  then  allow  it  to  stand  for  from 
two  to  five  minuten  ;  decolorize  inatniy  cont  unin;<^one  part  of  nitric 
acid  to  thret^  partaof  water — the  cover  glass,  hold  in  forceps,  is  gently- 
moved  alKUit  in  the  decolorizing  solution  f<:>r  a  few  seconds.  It  is 
then  washed  off  in  sixty-i>er-cent  alcohol  t-o  remove  the  remaining 
blue  color — this  usually  t^ikes  but  a8e<'onilor  two — suul  then  in  water. 
For  a  contrast  stain  a  saturated  a((ueous  solutiou  of  vesuvia  may  be 
used,  a  few  dro{.>s  l>eing  left  ujxjn  the  cover  ghiss  for  five  minutes. 
Tlie  stained  preparation  is  then  Wiished,  dried,  and  mounted  in 
balsam. 

2.  The  Ziehl-Xeehon  Method. — Float  the  cover  glass  upon  the 
carbol-fuchsin  solution  (No.  ;5) ;  heat  gently  mvtil  steam  conimences 
to  rise — from  three  to  five  minutes'  time  will  usually  bo  sufficient ; 
wash  off  in  water,  and  deeoloriae  in  nitric  or  sulphuric  acid,  twenty- 
five-per-cent  sohitioti,  then  in  sixty-jM»r-cent  alcohol  fi>r  a  very  short 
time  to  ren»ove  remaining  color  from  albuminous  h{ickgrt>und;  wash 
well  in  water  and  mount  in  Canmla  balsam. 

3.  Friedldmlers  Method. — Sprea<l  and  dry  the  sputum  upon 
the  slide ;  fix  by  ]iassing  the  slide  three  times  through  the  flame  of 
an  alcohol  lamp  or  Bunsen  burner  ;  place  tip<tn  the  (lri<>d  filni  three  or 
four  drops  of  carb»tl-fuchsin  (No.  .1);  heat  gently  over  a  flame  until 
steam  is  given  off  ;  wash  in  a  dish  of  tlistilltHl  WKt*T  ;  drain  off  excess 
of  water,  and  add  a  few  drops  of  the  following  decolorizing  solution ! 


Acid,  nitric,  pure, 
Alcohol  (eighty  per  cent), 


.*>  cc. 

to  l(X)  cc. 


— umially  the  preparation  will  be  decolorize«l  in  ab<iut  half  a  minute  ; 
wash  in  water  ;  a«ld  a  few  drops  of  an  a<iueou8  solution  of  methylene 
blue  as  a  contrast  stain  ;  allow  the  stain  to  act  for  aNnit  five  minut4>s. 
witliout  heating :  wash  again  in  water,  dry,  and  mount  in  balsam, 
or  for  a  tempt)rar}'  mount  use  a  drop  of  cedar  oil. 

4.  OntihetVn  Methml. — Tliis  is  a  slight  nvnlification  only  of  a 
very  useful  inetlnKl  recommende<l  by  B.  Frankel  in  1884.  The  .con- 
trast stain  is  added  to  the  decolorizing  solution.     After  staining  with 
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carbol-fuchsin  solution   (No.  3)  the  cover  glass  is  placed  for  one  or 
two  minutes  in  a  solution  containing: 

Sulphuric  acid  (tweuty-iive-per-cent  solution),        .  .       100  cc. 

Metnylene  blue,      ......  2  gme. 

Wash,  drj%  and  mount  in  cedar  oil  or  balsam. 

Methods  ok  Staining  Spores. — When  preimrations  containing 
the  8port\s  of  bacilli  are  stained  by  any  of  tbe  methotls  above  given, 
these  remain  unstained  and  apjiear  a-s  highly  refnictive  bodies  in  the 
interior  of  the  kxIs  or  filamentn  in  which  they  have  been  formed,  or 
scattere<i  alx.iut  in  the  field  if  they  Imve  lx>en  set  free.  Owing  to 
the  contrast  with  the  staiiunl  protoplitsm  of  the  rod  or  spore-bearing 
filament,  they  are  especially  well  «een  in  recent  cultures  :  while  in 
older  cultures  the  bacilli  often  do  not  stain  well,  or  are  entirely  dis- 
int*>gr}ited  and  sjiores  only  are  to  be  seen.  The  discovery  was  made 
at  about  the  same  time  by  Buehner  (18?i4)  and  by  Hueppe  that 
spores  may  be  staineil  if  they  are  first  expose<l  to  an  elevated  tem- 
perature for  some  time.  This  may  lie  accomplished  by  placing  the 
shde  or  cover  ghuts,  u{>on  which  the  spore-containing  ciilture  has 
been  dried,  in  a  hot-air  •>ven  at  a  temperature  of  I2(f  C  for  an 
hour;  or  a  higher  teniju'rature  (tstf  C. )  may  l>e  employed  for  a 
shorter  time  (fiftei-n  minutes)  ;  or  the  cover  glass  may  be  passed 
through  the  flame  of  an  alcohol  lamp  or  Bunsen  burner  eight  or  ten 
times,  instead  of  three  times  as  is  customary  when  the  object  in 
view  i.s  simply  to  c<mgidate  the  albumen  and  fix  the  film  upon  the 
cover  glass.  After  such  treatment  the  sjx  ires  may  be  stained  with 
an  aqueous  solution  of  one  of  the  basic  aniline  colors — fuchsin, 
methyl  violet,  etc. — but  the  bacilli  no  longer  take  the  stain  so  well. 

To  obtain  satisfactory  (lonhti'-HiaiHfd  preparations,  showing 
both  spt)res  and  bacilli,  a  different  method  is  employeiL 

The  film  u|xin  the  ctiver  glass  is  jiajssed  through  the  llame  three 
times.  iu>  herebifore  directed  ;  it  is  then  Hoated  upiii  aniline-fuchsin 
st>lution  in  a  wat<'h  glass,  and  this  is  heated  to  near  the  boiling  fKiint 
for  an  hour — Xcis.scr's  method.  The  aniline-fuchsin  solution  is 
prepareil  by  shaking  an  excess  of  aniline  oil  in  a  test  tube  with  dis- 
tilled water,  filtering  the  saturatetl  solution  into  a  watch  glass,  and 
then  adding  a  few  drops  of  a  Sivturated  alcohohc  solution  of  fuchsin. 
After  this  prolonged  action  of  the  hot  staining  fluid  the  spores  of 
some  bacilli  are  deeply  stained,  while  others  do  not  tfvke  the  stain  »i> 
well.  The  cover  glass  is  next  washed  in  water  and  then  placed  in 
a  decolorizing  solution  c<jntaining  twenty-five  parts  of  hydrochloric 
aci«l  to  Heventy-five  parts  of  alcohol.  This  removes  the  stain  from 
the  bacilli,  but,  if  ut>t  allowed  to  act  too  long,  leaves  the  spores  still 
stained.     The  prepai-ation  is  next  stiuned  in  a  saturated  a*|ueous 
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solution  of  methylene  blue;  and  if  tUe  operation  has  been  aucoessfully 
carried  out  the  spores  will  be  stained  red  and  the  protoplasm  of  the 
bacilli  in  which  they  are  present  will  be  blue. 

MoUer  has  (1891)  published  the  following  method  of  staining 
spores  : 

The  cover-glass  preparation,  dried  in  the  air,  is  passed  three  times 
through  a  flame  or  placed  for  two  miuutes  in  absolute  alcohol;  it  is 
then  placed  in  chlorofurm  for  two  minutes  and  washed  in  water;  it 
is  now  immersed  in  a  tive-per-c«ut  solution  of  chromic  acid  for  from 
half  a  minute  to  two  minutes  and  again  thoroughly  washed  in 
water;  next  a  solution  of  carbol-fuchsin  is  f>oure(.l  ujwn  it  and  it 
is  heated  over  a  Hame  until  it  commences  to  lK>it,  for  sixty  seconds; 
the  carbol-fuchsin  stilution  ia  then  poured  off  and  the  cover  glass  ia 
immersed  in  a  five-i»er-cent  solution  of  sulphuric  acid  until  the 
film  is  dectilorize*!,  after  which  it  is  again  thoroughly  washed  in 
water.  It  is  then  place*!  f»>r  thirty  seconds  in  an  a(iue<>us  solution  of 
methylene  blue  or  of  malHchite  green,  and  again  wa^ihed  in  water, 
after  which  the  preparation  should  be  drietl  and  mounted  in  Italsam, 
As  a  result  nf  this  priK'tnluro  the  spores  are  stained  dark  red  and  the 
pmtoplasni  of  the  liacilli  blue  or  green. 

Fitx-c.i  (IS'.i:;)  claims  that  better  results  are  obtained  by  the  follow- 
ing method : 

About  twenty  cc.  of  a  ten -jwr -cent  ammonia  solution  is  placed  in  a 
watch  glass,  and  from  ten  to  twenty  dnvps  of  an  alkaline  solution  of 
an  aniline  color  is  added ;  heat  is  applied  until  steam  commences  to  be 
given  off,  when  the  cover  glass  is  plaeetl  in  the  hot  wilution  for  from 
three  to  fifteen  minutes.  The  cover  glass  is  then  quickly  ^vashed  in 
a  twenty-per-ceiit  solution  of  nitric  or  sulpliuric  acid  to  docolorisjo; 
then  it  should  !»'  thoronghly  wa.slipd  in  water,  after  which  it  may 
be  stained  with  a  contrast  color  by  the  use  of  an  aqueous  solution  of 
one  of  the  aniline  dyes — preferably  vesuvin,  malachite  green,  or 
safranin. 

Methods  or  Staining  Flaoella. — Koch  first  succeeded  in  de- 
monstrating the  fiagella  of  certain  bacilli  and  spirilla  by  staining 
them  with  an  aqueous  solution  of  hffluiatoxylon,  an*!  dilute  chromic 
acid  as  a  mordant.  L<iffler  (18810  has  succeedetl  in  demonstrating, 
by  an  improve<l  staining  method,  the  presence  of  Hagellaina  consider- 
able number  of  8|)ecies  in  which  they  had  not  previousl}'  been  seen, 
although  generally  suspected  to  be  present.     His  method  is  as  follows : 

Uiffler's  Mfthod. — The  following  solution  is  used  as  a  mordant: 

No.  1. 

Solution  of  taiuiiii  of  twenty  percent,          .  .           .        lOcc. 

Satviruted  (iH^ld)  m>lutioti  of  ferrous  sulphate,    .  .            .Sec. 

Aquftuiu  or  alooholir  Aolution  of  fuchsui,     .  1  oe. 

(Or  one  cubic  o«iitimetn>  alooliolic  aolution  of  methy)  violet.) 
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No.  2. 

!  one-per-cent  solution  of  caustic  soda. 

No.  3. 

A  solution  of  sulphuric  acid  of  such  strength  that  one  cubic  centimetre 
i.«i  exactly  neutralized  by  one  cubic  c«*utinietre  of  the  soda  solution. 

According  to  Lofller,  solution  No.  1  is  just  right  for  staining  the 
fliigellum  of  Spirillum  concentricuin,  but  for  certain  other  bacteria  it 
is  necessary  to  add  to  this  some  of  No.  2  or  of  No.  3.  Tliu8,  for  the 
cholera  spirillum  from  half  a  drop  to  a  drop  of  the  acid  dolution  is 
added  to  sixteen  cubic  centimetres  of  No.  1.  For  the  bacillus  of 
typhoid  fever  one  cubic  centimetre  of  No.  2  is  added  to  sixteen  cubic 
centimetres  of  No.  1.  Bacillus  subtilis  requires  twenty-eight  to 
thirty  drops  of  No.  2;  the  bacillus  of  malignant  oedema  thirty -six  to 
thirty-seven  drops,  etc. 

This  method  has  not  been  very  successful  in  the  hands  of  other 
bacteriologists,  and  improvements  in  the  technique  have  been  made 
since  it  was  tirst  published.  Van  Ermengem  (1893)  points  out  the 
fact  that  a  principal  condition  of  success  is  that  the  cover  glasses  shall 
1)6  absolutely  clean.  He  Ixiils  them  in  a  mixture  composed  of  potas- 
sium bichromate,  sixty  grammes;  concentrated  sulphuric  acid,  sixty 
grammes ;  water,  one  hundred  grammes.  After  coming  from  this  they 
are  thoroughly  washed  in  water,  then  in  absolute  alcohol,  an»l  then 
dried  in  an  upright  position  under  a  bell-jar.  Recent  agar  cultures 
(ten  to  eighteen  hours)  are  preferred,  and  the  suspension  in  water 
shoidd  be  very  much  diluted  so  that  in  the  cover-glass  preparation 
the  bacteria  are  well  isolated.  The  cover  glass,  held  between  the 
fingers,  is  passed  three  times  through  a  flame.  A  drop  of  the  follow- 
ing solution  is  then  placed  ujnm  it :  Osmic  acid  two-jjer-cent  solution, 
one  part;  solution  of  tannin  (ten  to  twenty-five  per  cent)  two  parts. 
This  is  allowed  to  act  for  about  five  minutes  at  a  temperature  of  50° 
to  60°  C. — or  half  an  hour  at  the  room  temf>erature.  After  careful 
[•■washing  with  water  and  alcohol  the  cover  glass  is  immersed  for  a 
few  seconds  in  a  bath  containing  one-quarter  to  one-half  jwr  cent  of 
nitrate  of  silver.  Then  without  washing  it  is  placed  for  a  short 
time  in  the  following:  Gallic  acid,  five  grammes;  tannin,  three 
grammes;  fused  potassium  acetate,  ten  grammes;  distilled  water, 
three  hundred  and  fifty  gramme®.  It  is  then  returned  to  the  silver 
bath  and  kept  there,  with  constant  movement  of  the  bath,  until  this 
commences  to  turn  black.  It  is  then  thoroughly  washed  in  water, 
dried,  and  mounte<I  in  balsam. 

Pitfield  (18l»5)  has  de<viaed  a  much  simpler  method  which  he  de- 
scribes as  follows: 

"The  method  con.si.sts  in  the  u.>»e  of  but  a  siug^le  solution,  which  is  at  once 
mordant  and  stain.     The  ttolulion  should  be  made  in  two  parts,  which  are 
filtered  and  mixed. 
3 
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Saturated  aqueous  twlutton  of  alum. 
Saturated  alcoholic  solution  of  gc ntiaa-riolet, 


B. 


Tannic  acid,  . 
Distil le<l  water, 


10  c.c. 
1  c.c. 


1  ^m. 

10  c.c. 


"The  solution.s  should  bo  made  with  cold  water,  and  immediately  after 
mixir^  the  stain  is  ready  for  use. 

••  Tne  cover  slip  is  to  l>e  carefully  cleaned,  the  grease  being^  burned  off  in  a 
flame,  and  after  it  has  i*K>led  the  bacteria  are  spread  upon  it,  well  dilute*!  in 
water,  care  being  taken  to  exclude  culture  medium.  Aftur  the  preparatioD 
ban  been  thorouglil y  dried  in  the  uir  it  shouki  he  hnld  over  tlie  Hame  with  the 
fingers  (the  preparatioii  need  not  be  fi.xed)  an  LtiHler  li!i.s  tiirected.  After- 
ward the  stain  is  ffraduallj*  poured  on  the  slip  and  heated  gently,  brinjfing 
the  fluid  almo«it  to  a  l>uil ;  the  slip  covered  with  the  hot  sUiin  should  then  l>e 
laid  aside  for  one  minute,  then  wasiied  in  water  and  mounted. 

"  If  the  tlltere<i  stain  is  use<l,  a  second  stain  of  aniline  water  containing 
gentian-violet  luid  better  be  used,  which  should  be  applied  but  a  nionieiit  and 
then  washed  off,  thus  leaving  a  clean  field,  showing  only  bacteria  lightly 
stained,  with  their  flageila  still  more  lightly  colored." 

Methods  of  Staining  Bacteria  in  Tissues. — The  solutions  re- 
commended for  staining  cover-glass  preparations  are  also  used  in 
staining  bacteria  in  thin  sections  nf  the  variouH  organs,  in  which 
they  are  found  in  certain  infpotioim  disea-ses;  hut,  in  general,  a 
longer  time  is  required  to  staiu  sections,  and  it  is  best  not  to  hasten 
the  pnicess  by  the  use  of  heat.  To  obtain  good  thin  Hpctions.  the 
material,  cut  in  small  cnU'.'*.  must  be  very  thoroughly  hardened  in 
absolute  alcohol.  The  pii*co  selected  for  cutting  may  be  attachetl  U) 
a  cork  by  the  use  of  mf lt»nl  glyi-eriii  jelly,  which  is  hardened  by 
placing  the  cork  and  attached  jiiei'o  of  tts,sue  in  alcohol.  This  an- 
swers for  well-hunleuetl  pieces  of  liver,  kidney,  etc.,  but  the  hollow 
viscent  and  ti.H.sue»  of  looHe  structure  will  retjuire  emlK-dding  in 
l>tm»tfin  or  celloidin.  Any  well-made  fledge  microtome  will  an.swer 
for  cutting  the  swtions,  if  the  knife  is  properly  sharpened.  The  .seoi 
lions  Mhould.  of  course,  l)e  cut  luider  alcohnl.  and  they  can  scarcely 
be  too  thin  when  the  object  is  to  demonstrate  the  presence  or  ab- 
Hence  of  liacteria.  Very  thin  s»«ctions  may  In;  cut  dry  by  embedding 
in  parafHn  having  a  melting  point  of  5i/' C.  In  this  cjuse  the  knife 
is  set  at  a  right  angle  t^j  the  material  to  l^e  cut,  and  the  sections 
are  spreail  out  uixm  and  attache<l  t«j  the  glass  slide  for  staining. 

One  of  the  most  useful  solutions  for  staining  tissues  is  Loffler's 
alkaline  solution  of  methylene  bhie  (No.  4).  A  freshly-prepared  so- 
lution will,stain  Mictions  in  four  or  five  minutes.  Superfluous  color 
IB  removed  by  imiuersing  the  sections  in  diluted  alcohul  or  in  a  one- 
half-perH*nt  solution  of  acetic  acid  for  a  few  seconds.     The  sections* 
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are  dehydrated  in  absolute  alcohol,  cleared  up  with  oil  of  cedar,  and 
mounted  in  a  drop  of  cetiar  oil  for  examination,  or  in  balsam  if 
they  are  to  be  preserved. 

Oram's  method  may  be  used  as  directed  for  cover-glass  preijara- 
tion.s,  the  sections  being  first  stained  in  aniline-gentian-violet  solu- 
tion (No.  1).  then  wtished  in  water,  or  in  aniline  water  as  recently 
(1802)  recommended  by  B»>tkin,  then  decolorized  in  the  irxline  solu- 
tion (see  page  20).  The  sections  when  decolorized  are  again  washed 
in  water,  dehydrated  in  absolute  alcohi»l,  cleared  in  cetlar  oil,  anil 
mounted  in  balsam. 

We.ifjert's  Method, — This  is  a  mmliticati^m  of  Gram's  meth<Ml  in 
which  the  sections  are  dehydrated  liy  the  use  of  aniline  oil.  The 
stained  section,  after  having  been  washed,  is  transferred  to  a  clean 
glass  slide,  the  excess  »)f  water  is  removed  by  the  utse  of  filtering 
paper,  and  the  iodine  solution  is  placed  upon  it  in  suffieient  (jiiaiitity 
to  cover  the  entire  section.  When  sufficiently  decolorized  this  is  re- 
moved in  the  same  vfny.  The  section  is  then  dehydrated  by  placing 
a  few  drops  of  aniline  nil  u{)on  it,  removing  this  with  filtering  pajuL-r, 
and  repeating  the  operation  once  or  twice.  The  aniline  oil  must 
then  be  comjiletely  removed  by  the  use  of  xylol,  after  which  the  sec- 
tion is  mountt^d  in  Imlsam. 

Kithne's  Method. — The  object  of  this  method  is  to  pr»?vent  the  removal 
of  the  coh>r  from  staiuwl  bacteria  in  sections  iluring  the  treatment  which 
such  sections  usually  receive  before  they  are  rtatly  for  tuountiiig— i.e., 
during'  the  wafihinjr  and  tlehydraliitg  ppoccsses  usually  eiujiloyeti.  For 
staining,  Kiibne  prefers  a  melhytene-blue  solution  pi'epaifa  as  follows: 
Metliylene  blut-,  1.5  parts;  absolute  alcohol,  ten  parts;  tritumtein  a  watch 
glas.<3"and  add  gfradually  one  hundred  parts  of  a  solution  of  carlwlic  a«;id 
containing  live  parts  in  one  hundred  of  water.  The  settion  is  placed  in  this 
soluti<jn  for  about  half  an  hour,  then  washed  in  water  and  decolorized  in  a 
weak  solution  of  hydrochloric  acid — ten  drt)p8  to  five  hundifd  jfranimesof 
water.  This  part  of  the  operatioji  must  be  conducted  very  carefully,  and 
usually  thin  sections  will  only  rwiuire  to  bedippi'd  iu  the  acidwjlution  for  an 
instant,  after  which  they  must  be  at  once  immersed  in  awihuion  of  lithium 
—eight  drops  of  a  saturated  solution  of  carbonate  of  lithium  in  ten  (grammes 
of  water.  They  are  then  allowed  to  remain  in  a  bath  of  distilled  water  for 
a  few  minutes,  after  which  tlicy  are  dipped  into  absolute  alcohol,  which 
Kiihne  colors  by  the  addition  of  metliylene  blue.  The  sections  aun-  then 
placed  in  aniline  oil  which  contains  a  little  methylene  blue  in  solution, 
where  they  are  dehvdrated  without  the  color  beinp  extracted  f i*om  thowtaiJied 
bacteria  present,  "the  uuiline-oil  bhie  .solution  is  prepared  by  adding  an  ex- 
cess of  dry  methylene  blue  to  a  small  quantity  of  clarified  aniline  on.  The 
undissolved  pigment  settles  to  the  bottom,  and  a  few  dropn  of  the  colored 
solution  are  added  to  a  little  aniline  oil  in  a  watch  ^lass  to  makn  the  colored 
dehydrating  bath.  The  section  is  next  washed  out  in  pure  aniline  oil— not 
colored — after  which  every  trace  of  aniline  oil  is  to  be  removed  by  the  use 
of  xylol.    The  section  in  cleared  up  iu  turpentine  and  mounted  in  balsam. 

Ziehl-Neelson  Method,  for  the  tubercle  bacillus  in  tissues. — 
Leave  the  sections  for  fifteen  minutes  in  carbol-fuchsin  solution 
(No.  3) ;  decolorize  in  sulphuric  or  nitric  acid,  twenty- five-per-cent 
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sulutton;  wash  in  sixty-per-cent  alcohol;  placre  in  a  saturated  aque- 
ous Hulution  of  methylene  blue  for  contrast  stain;  wash,  dehydrate, 
and  mount  in  Uiltiam. 


The  foUrjwiiiff  tnetho«]  of  sLaiiiiiij^  wttiotis  for  the  iiur|)o«e  of  ileniun- 
stratiiijif  |ja»-t»'ria  pi-t'.seiit  ill  llio  tissues  L*  recommended  by  Pregl  (1891)  as  a 
suh.it Urtte  for  (he  tiiethitd  of  Kiibne.  The  results  are  said  to  do  excellent, 
anil  it  is  niuch  simpler  and  nioi-e  cxpeilitinus. 

TtiB  Bi>ctiona  are  iiiuilitfrom  tissue,s  LMul}e<h1ed  in  uarattin,  and  are  attached 
to  clean  glass  slitieswith  albuinen-fflycenn.  Or  they  may  he  attached  to  a 
cover  glass  hy  the  followinjf  nitthod  wlieu  not  embedded  iti  paraUm :  The 
■ectioiis,  completely  dehydrated,  are  taken  out  of  absolute  alcohol  on  a  thin 
glass  cover,  upon  which  they  ai-e  extendwl ;  a  piece  of  filter  paj)er  is  applied 
to  the  side  of  the  cover  gluNS  to  aksorb  the  alcohol,  and  before  the  section  is 
completely  dry  a  drop  of  aceton-celloidin  wdution  is  placed  upon  it  by  means 
of  a  (rloss  rotl.  The  cover  glass  is  now  moved  about  in  the  air  to  promote 
rapid  evaporation  of  the  alcidiol,  and  iHthoii  ]>laced  in  water.  The  section 
now  i-emains  attached  to  the  cover  (flass  <luriiig  subsequent  manipulations. 
The.  iireion  vel/oidin  sulntiott  referi-ed  to  is  prepared  by  adiiinj;  eelloitlin  in 
small,  ilry  pieces  Ui  acehin  until  a  cotioenlrated  solution  is  (jbtained.  A 
)arg«  drijp  tif  this  adde<l  to  live  cubic  centimetres  of  absfflute  alcohol  makes 
a  suitable  suhition  foi"  use.  This  must  be  kept  in  aplas.s-stoppered  bottle,  and 
will  require  l<t  be  fh-etjuently  reneweil,  as  it  is  not  suitable  for  use  after  hav- 
inur  al>sorbed  moisture  from  the  air.  Tlie  acetoii  as  obtained  fn^m  dealers 
contains  considerable  walei-  and  must  be  dehydrated  by  a^ldin^  to  it  red-hot 
sulphate  «)f  copper, 

Tlje  se<-tic)n.s,  attached  to  a  slide  or  cover  g-ht-ss  by  one  f>f  the  methods 
mentioned,  are  stuined  with  Kiihne's  carbo! -methylene  blue  solution,  which 
is  dro«i>e<l  upon  them  fi*om  a  j)i|jette.  Usually  they  will  be  sutHciently 
staine<l  at  the  end  of  half  a  mmuie  to  a  iniuule.  but  in  some  ca.ses  a  loiiffcr 
time  and  the  applic!ili<in  of  heat  will  lie  desirable.  They  ai'e  then  washeain 
water  and  immediately  placed  in  fifty-per-cent  alcohol,  when?  they  remain 
until  the  sections  have  a  itale-blue  color  witli  a  greenish  tin|B:e.  They  arts 
n«»vv  completely  dehydrated  in  absolute  alcohol  and  subsequently  cleared  up 
in  xylol. 

8TAININO  Sections  of  Gelatin  Stick  CtJLTUHre.— Fischl,  Weigert, 
and  Neiaser  have  jfiven  an  account  of  methods  for  staininpr  stick  cultures  in 
gelatin  of  noii  liquefying  bacteria.  The  object  c»f  this  is  to  show  the  mode 
of  p-owtli  and  the  association  of  individual  cells  in  ondLsturlied  cultures. 
Neisser gives  the  following  directions  :  The  gelatin  <-ultures  are  inoculated, 
by  several  punctures,  with  the  micro<)rgani.sm  to  be  studie<l.  When  the 
development  is  deeme<i  suthcient  the  cylinder  of  gelatin  is  removed  from  the 
test  tube  by  gently  warming  its  walls.  It  is  then  placed  for  several  days — 
oastxi  eight,  acconling  to  its  size  and  thickneas— in  a  one-jier-cent  sohition  of 
bichromate  of  ])otitssium.  While  in  this  solution  it  must  l>e  exposed  to  the 
light,  which  causes*  a  chang»j  in  the  gelatin,  rendering  it  insoluble.  Tlie 
gelatin  cylinder  w  thorougltly  wa.<died  and  then  hardened  in  alcohol,  flrstuf 
seventy  t>er  cent,  and  then  of  ninety-six  per  cent.  It  is  then  cut  mtosuit- 
able  pieces,  and  these  ai-e  attachp<l  to'acork  in  the  usual  manner  and  placed 
for  twenty  four  hours  in  absolute  alcohol.  Thin  sections  may  now  l»e  made 
Willi,  a  microtome,  and  the.w  are  attached  to  a  glass  slide  and  stained  by 
Uram'sor  Weig»>rt"8  methml  or  bv  the  use  of  LofHers  sohition  iNo.  4).  Tlie 
dM'oiorization  should  Ik-  effe<'ted  by  the  use  of  alcohol  and  not  with  an  acid 
solution.  When  Gram's  method  is  used  decolorize  by  the  alternate  use  of 
alcohol  and  oil  of  cloves.    Clear  the  preparation  with  oil  of  bergamot. 
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To  obtain  a  satisfactory  knowleilge  of  the  biological  characters 
of  the  diflFerent  species  of  bacteria,  it  is  necessary  to  isolate  them  in 
"  pure  cultures  "  and  to  study  their  growth  in  various  culture  media. 
By  a  pure  culture  we  mean  a  cultivation  containing  a  single  species 
only ;  and  to  be  absolutely  surt«  that  we  have  a  pure  cillture  it  is 
desirable  that  all  of  the  bacteria  in  a  culture  shall  be  the  progeny  of 
a  single  cell.  The  methods  of  obtaining  pure  cultures  will  be  given 
later.  At  present  we  propose  to  give  an  account  of  the  various  cul- 
ture media  commonly  employotl  by  bacteriologists,  and  the  methods 
of  preparing  them  for  use. 

By  a  natural  culture  medium  we  mean  one  which,  as  obtained  in 
nature,  contains  the  necessary  pabulum  for  the  development  of  one 
or  more  species  of  bacteria.  An  artificial  culture  medium  is  one 
which  is  prepared  artificially  by  adding  nutritive  material  to  water. 
A  sterile  medium  is  one  which  does  not  contain  any  living  micn»- 
orgauisras.  We  may  obtain  natunil  media  in  a  sterile  condition,  but 
artificial  media  require  sterilization,  as  they  are  infallibly  contami- 
nated with  living  ''  germs  "  from  the  atmosphere  during  the  process 
of  preparing  them.  Sterilization  is  usually  effecteil  by  heat.  For- 
ceps, glass  tubes,  etc.,  may  be  sterilized  by  passing  them  through 
the  flame  of  an  alcohol  lamp  or  Bunsen  burner. 

Natural  Culture  Mkhia,— The  most  important  natural  cul- 
ture medium  is  bhufd  tieniin,  which  may  be  ol>tained  from  one  of 
the  lower  animals — preferably  from  oxen  or  calves.  This  is  to  be 
collected  in  a  sterilized  jar,  with  every  precaution  to  insure  cleanli- 
ness, at  the  moment  of  slaughtering  the  animal.  Or  the  blood  of  a 
calf,  sheep,  or  dog  may  be  collected  at  the  lalx»ratorv  by  a  carefully 
conducted  operation,  in  which  the  femoral  or  carotid  artery  is  con- 
nected with  a  sterilized  gUuss  tube  leailing  into  a  sterilized  receptacle, 
such  as  a  Woulf's  Ix^ttle,  into  one  neck  of  which  a  cotton  plug  has 
been  placed  to  permit  the  air  to  escape  as  the  bottle  fills  with 
blood  through  a  tube  which  is  secureil  in  the  other  neck.  When 
blood  is  passed  directly  from  an  artery  into  a  sterilized  receptacle 
the  serum  will  not  Hubse<pieut!y  re([uire  sterilization.    The  writer  is  in 
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the  habit  of  collecting  it  in  this  way.  and,  after  the  serum  has  sef 
rattnl.  of  drawing  it  off  in  little  flasks  ha%nng  a  long  neck,  as  Bhown 
in  Fig.  14.  The  neck  of  the  flask,  previously  sterilized  by  heat,  is 
slipped  into  the  Woulf's  Inittie  beside  the  cotton  plug,  the  bulb  (a) 
having  l)een  previously  gently  heated  to  expand  the  contained  air. 
As  the  heate<l  air  cools  a  partial  vacuum  in  formed  and  the  clear 
serum  mounts  into  the  little  flafik.  One  aft«r  another  is  filled  in 
this  way,  and  each  one  is  hermetically  sealed  iu  the  flame  o(  a  lamp 
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as  Boon  as  it  is  withdrawn.  The  sterile  HockI  serum  may  be  pre- 
uen'ed  indefinitely  in  this  way,  and  may  l)e  used  as  a  liquid  culture 
medium  in  the  httle  flask,  or  it  may  l>e  transferrer!  to  a  test  tube 
and  Bohdified  by  heat  whenever  a  solid  l>liH)d-senun  medium  is  re- 
quired. The  advantage  of  presernng  bliMKl  serum  and  other  liquid 
media  in  these  little  flasks  is  in  the  fact  that  they  tnay  1^  preserved 
indefinitely  without  bec*)ming  contaminattnl  ur  ih-j-ing  up.  and  that 
tbejrare  easily  traf»sporte<l.  while  a  liquid  medium  in  a  test  tub© 
muat  be  kept  upright.     Tlie  conteuts  of  one  of  these  flasks  are  readily 
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transferred  to  a  test  tube  hy  breaking  off  the  sealed  extremity  with 
sterile  forceps  and  xlippiiiji  it  [xixt  the  cotton  plug,  which  must  l)e 
I»artly  withdrawn  for  the  purfmw.  Upon  applj-ing  gentle  heat  to 
the  bulb  its  contents  art*  furfed  unt  iiit<>  the  test  tube  (Fig.  15). 
Blood  serum  which  i.s  ci)llecte<l  wthout  these  special  precautions 
will  require  sterilization  by  heat,  for  which  directions  ^vill  be  given 
later. 

To  obtain  the  clear  serum  from  blood  collected  as  above  directed, 
the  jars  containing  it  are  set  as*ide  in  a  cool  place  in  order  that  a  fimi 
clot  may  fonn,  care  being  taken  not  to  .shake  them.  After  the  clot 
has  formed  they  may  be  transporte<l  to  the  laboratory,  where  they 
are  placed  in  an  i<'e  box  or  in  a  cool  cellar  for  from  twenty -ftmr  to 
forty-eight  hours.  By  this  time  the  serum  has  separated  from  the 
clot,  and  it  may  be  tran.«iferred  t<i  sterilisK*d  test  tulies  by  means  of  a 
suction  pipette  (Fig.  1<J),  or  may  be  distributed  in  little  flasks  as 
al>ove  directed. 

Milk  is  largely  usetl  as  a  culture  medium,  and  i.s  especially  useful 
in  studying  the  biological  chHraeters  of  various  micriHirganisnis,  as 
shown  by  their  causing  coagulatiun  of  the  casein,  or  otherwise  ;  or 
an  acid  or  alkaline  reaction  of  the  liquid  ;  or  peptonization  of  the 
precipitated  casein,  etc.  In  the  udder  of  healthy  cows  milk  is  quite 
sterile,  and  by  proper  precautions  it  may  be  drawn  into  sterilized 
flasks  without  any  contaminjition  and  kejit  indefinitely  wthout  un- 
dergoing coagidation  or  any  other  change.  But  in  practice  it 
is  easier  to  sterilize  it  in  test  tubes  or  small  flasks  by  the  use  of 
heat  than  t<.»  obtain  it  in  a  sterile  condition  from  the  udder  of  the 
Cow, 

Urine  has  been  used  to  some  extent  as  a  culture  medium,  and 
many  bacteria  multiply  in  it  abinidantly.  altliough.  on  account  of  its 
acid  reaction,  other  sjwcies  fail  to  grow  in  it.  As  contained  in  the 
healthy  bladder  it  is  sterile,  but  the  mucons  membrane  of  the  mea- 
tus urinarius  always  contains  numerous  biicteria  upon  its  surface,  and 
some  of  these  are  sure  t<^>  l>e  carried  away  with  the  current  when 
urine  is  jMissed. 

A  culture  flu!<l  which  the  writer  has  found  extremely  useful,  in 
tropical  countries  where  it  is  to  be  obtaine<K  is  the  transi>areiit  fluid 
contained  in  the  interior  of  nnrij*  c^x-oanuts — called  lujiio  coco  by 
the  Spaniards.  In  countries  where  the  coi'tkanut  is  indigenous  this 
cocoanut  water  is  largely  used  as  a  refreshing  diink.  It  contains 
about  four  per  cent  of  glucose  in  siilution.  ttJgether  with  some  vege- 
table albumen  and  salts.  Some  inicriVirganisnis  multiply  in  it  with- 
out appropriating  the  glucose,  while  others  split  this  up.  producing 

abundant  evohitiun  of  carlK>n  dioxide  and  giving  to  the  fluid 
ver}*  acid  reaction.     The  folluwing  are  tlie  results  of  an  analysis 
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niade  for  me  by  Dr.  L.  L.  Van  Slyke  in  the  chemical  laboratory  of 
Johns  Hopkins  University  :  The  weight  of  the  fliii<l  obtained  from 
six  nuts  averaged  330.1  grammeB.  The  specific  gravity  averaged 
1.02285.  The  amount  of  water  averaged  'J5  per  cent ;  the  amount 
of  inorganic  ash,  0.618  per  cent;  the  amount  of  glucose,  3.97  per 
cent ;  the  amount  of  fat,  0. 119  per  cent  ;  the  amount  of  albuminoids, 
U.  133  per  cent. 

As  this  fluid. is  contained  in  a  germ-proof  receptacle,  no  steriliza- 
tion is  required  when  it  is  drawn  off  with  proper  precautions  in  the 
little  flasks  herettjfore  descriU'd. 

Hydrocele  Jin  id  haa  been  Uhie«l  as  a  culture  me<liuni,  and  many 
bacteria  multiply  in  it  abundantly. 

Other  natural  culture  meilia  are  found  in  the  animal  and  vege- 
tiible  kingdoms,  wliich  are  UKecl.  either  coejked  or  raw,  as  solid  sub- 
hirata  upon  wliich  bacteria  tnay  l>e  cultivated.  One  i>f  the  most  use- 
ful of  these  is  the  potato,  which  is  a  favorable  medium  for  the  de- 
velopment of  numerous  species,  and  np(jn  whirh  (cooked)  many  of 
them  present  characters  of  growth  which  are  so  distinctive  as  to  aid 
greatly  in  the  diflferentiation  of  species. 

Other  tubers,  routs,  ur  fruits  may  also  be  used  as  stdid  media,  or 
their  juices  extract«l  and  employed  as  licjuid  metlia.  Cftoked  fish 
and  meat*  of  various  kinds  are  also  suitable  mwiia  for  certain  spe- 
cies— e.ff.,  the  phosphorescent  bacteria  grow  very  well  upon  the  sur- 
face of  l)oiled  fish,  ami  iu  a  dark  routn  give  off  a  bright,  plu>sphores- 
cent  hght. 

Eggs,  sterilized  by  bailing,  have  bi^n  used  by  some  biicteri<ili> 
gistM,  especially  for  the  cultivation  of  anaerobic  species, 

AKTIFiriAL  ClTLTURE  MnniA. — A  great  variety  of  liquid  me<ha 
have  been  employed  by  bacteriologists,  the  most  useful  of  which  are 
infusions  of  beef  or  mutton,  with  the  mldition  of  a  little  })eptone. 
But  Pasteur  h»w  shown  that  some  spei^-ies  of  l)acteria  \vill  grow  in  a 
medium  which  does  not  contain  any  albuminous  material,  nitrogen 
being  obtjiined  from  salts  containing  ammonia. 

Pustenr's  solution,  which  is  rarely  used  at  present,  contains  : 
Distilled  water,  one  hundretl.  parts  :  cane  sugar,  ten  parts  ;  tartrate 
of  ammonia,  one  part,  v%ith  the  addition  of  the  ashes  from  one 
gramme  of  yeast. 

Cohn  modified  this  by  leaving  out  the  cane  sugar,  which  favors 
the  development  of  mouhls.     Tliese  fluids  are   not,    however,   in-'j 
tended  for  geuend  use  in  the  cultivatitin  of  bacteria,  but  to  demon- 
strate certain  facts  relating  to  their  physiology'. 

Infusions  of  meat,  or  "  flesh  water,"  are  made  by  chopping  fine 
lean  beef  or  mutt*»n  (one  pound)  an«l  covering  it  with  water  (one 
litre).     This  is  placed  in  an  ice  chest  for  twenty-four  hours,  and  the  ] 
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aqueous  extract  is  then  obtained  by  filtration  tliroiigh  muslin  by 
pressure.  This  extract  is  ci'H>ke»l,  filtered.  a?id  I'arefully  neutralized 
by  the  addition  of  a  solution  of  earlnniHtv  of  wMlimu.  which  is  added 
drop  by  drop.  Usually  we  add  t*i  this  one-half  jier  cent  of  chloride 
of  sodium.  The  atldition  of  ten  gruninies  of  pepU>ne  to  a  litre  of 
this  meat  infusion  constitutt'S  the  flexh-pt'ptouc  .sointion  which  is 
largely  used  in  the  preparation  of  solid  culture  me<lia,  to  be  described 
hereafter. 

The  addition  of  five  jwr  cerit  of  glycerin  t-ti  the  aVwive  infusion 
makes  a  useful  liquid  metlium  for  the  cultivation  of  the  tul»crcle  ba- 
cillus (Roux  and  Nocard),  The  liquid  should  l>e  airain  neutralizes! 
after  adding  the  glycerin,  which  ciHniminly  has  an  acid  reju'tion. 

£oH/7/o»  is  made  V>y  cooking  the  chi'juH^d  meat — one  jxiund  in  a 
litre  of  water — for  alxiut  lialf  an  hour  in  a  large  glass  flask  or  an 
enamelled  iron  kettle.  The  filtered  bouillon  is  then  carefully  neu- 
tralized with  solium  carlxmate,  iind  again  Injiled  for  an  hour  to  pre- 
cipitate all  coagulable  alhurnin*>ids.  It  is  again  filtered  and  dis- 
tributed in  test  tul»es  or  small  tlasks.  in  which  it  is  subsecjuently 
sterilized.  For  certain  }»athogonic  bacteria  a  liouillon  made  from  the 
flesh  of  a  fowl  or  of  a  rabbit  is  preferabk'  to  l>eef  bouilhni. 

Flesh  infusion  may  als«i  be  made  from  one  of  the  standard  beef 
extracts,  such  as  Licbig  s  (five  griunmes  to  a  litre  of  water). 

Various  Vfijf'fnhh'  iiifii.sions  may  also  lie  used  as  cultttre  media, 
such  as  yeast  water,  jxttato  water,  ijifusion  of  hay,  of  barley,  or  of 
wheat,  of  dried  fruits,  beer  wort.  et<^'. 

Solid  Ctltire  Mkdia. — The  introductii»n  of  solid  culture 
media,  and  es|)ecially  the  use  of  gelatin  and  agar-agar,  as  first 
reconunende<l  by  Koch  (IS81),  for  the  isolation  and  dilTereutiatiou  of 
species,  was  a  most  important  atlvance  in  bftcteriological  technology. 
We  are  concerned  hei"e  only  with  the  composition  and  preparation 
of  these  media. 

Flesh-Peptone-delnti II. — This  is  made  by  adding  ten  per  cent 
of  the  best  French  gelatin  to  the  tiesh-jieptone  solution  aljove  de- 
scribed. This  is  the  st^mdard  gelatin  metlium,  but  more  or  less 
gelatin  may  be  addctl  to  serve  a  sjx'cial  purpose.  Thus,  in  Havana 
during  the  summer  mouths  the  writer  used  a  medimn  containing 
twenty  yer  cent  of  gelatin,  Imm-musc  when  but  ten  i)er  cent  w<is  used 
the  gelatin  was  liquefteii  by  the  nonnal  temperature  of  the  atmo- 
sphere. Ten-per-cent  gelatin,  of  gtKxl  quahty  and  carefidly  pre- 
pared, will  stand  a  tem|)eraturo  of  'Hf  U)  'i'i°  C.  (GS"  toTt.ir  F.) 
without  melting.  When  twenty  per  cent  of  gelatin  is  nst>d  the 
melting  jwint  is  ab<>ut  8°  C  higher.  It  must  be  retnem>>pred  that 
exposure  to  a  lK)iling  temyierature  reduces  the  melting  point  of  gela- 
tin.    It  is  therefore  desirable  to  accomijhsh  the  operations  of  cook- 
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ing  and  sterilizing  in  as  short  a  time  as  is  practicable.  The  French 
gt'latin  iisetl  comeft  in  tliin  sheets ;  this  is  broken  up  and  added  to 
the  rtesh-jjeptone  soluti<Mi. 

Usually  we  pi'ei»«rt<  n  litre  of  nutrient  gelatin  at  one  time,  and  for 
this  quantity  one  hundrp*!  graniuie^i  of  gelatin  will  be  required  for  the 
statulard  prepHration  (ten  jmt  tviit).  It  is  well  to  allow  it  t(^  s<.wik  for 
a  time  in  the  liquid  l>efare  applying  heat  for  the  puri)c>se  of  dissolving 
it.  Then  apply  gentle  heat  until  it  is  eumpletely  dissolved.  The  gela- 
tin of  connneree  usually  has  an  acid  rea<'tion,  an<l  it  will  l>e  iiwessary 
t»)  carefully  neutralize  the  medium  after  it  has  l>een  added.  A  slightly 
alkaline  reaction  is  usually  no  disadvantage,  but  certain  pathogenic 
bacteria  will  not  grow  when  there  is  a  trace  of  acid  pres^Mit.     The 
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next  step  consists  in  clari/i/inf/  the  nutrient  medium.  It  is  allowed 
to  ciV)!  to  abt^ut  50'  C.  and  an  egg,  previously  broken  into  one 
hundretl  granunes  of  water,  is  gradually  added  while  stirring  the 
liquid  with  a  glass  roil.  A  whole  egg  is  used  for  a  litre  of  the  solu- 
tion. Heat  is  again  applied  and  the  solution  is  kept  at  the  Ixnling 
{M)int  ft>r  alxnit  ten  niiimtes,  during  which  time  the  egg  alivumcn  is 
precipitateil  ajid  carries  down  with  it  all  insoluble  particles,  which 
without  this  clarifying  prtx-ess  woidd  havi-  interfered  with  the  trans- 
parency of  the  medium,  even  when  carefully  filtered.  The  hot 
solution  is  then  filfi'red.  A  hot-water  funnel  (Fig.  K)  is  usually 
employ«l.  a.s  the  gelatin  sc»lution  dcx*s  not  pass  through  filtering 
fuiper  very  rapidly,  and  when  ct»oletl  tv  near  the  p<.>int  of  solidifjnng 
ceaaeci  to  jnuik. 
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The  advantages  of  the  g-elatin  luedium  are  that  it  is  perfectly 
transparent,  that  it  ih  eaHily  melted  for  making  ''plates,"  and  that 
many  bacteria  exhibit  in  it  .siiecial  characters  of  g-row-th  by  which  they 
may  be  differentiated  fnun  others  whicli  resemljle  them  in  form. 
The  principal  disadvantage  is  the  low  melting  point,  which  prevents 
U8  from  making  use  of  this  medium  for  cultivating  bjicteria  in  au  in- 
cubating oven  at  a  higher  temperature  than  about  '2'2°  C.  for  ten-per- 
cent gelatin. 

This  disadvantage  is  overcome  by  using  ngar-agnr  instead  of 
gelatin.  This  is  prepared  in  Japan  and  other  Eastern  countries 
from  certain  species  of  gelatinous  algfe.  It  comes  to  us  in  the  form 
of  bundles  of  dried  strips,  which  forjn  a  stiff  jelly  when  dissolved  in 
water  in  the  proportion  of  one  to  two  jjer  cent.  This  jelly  remains 
solid  at  a  temperature  of  iO'  C.  and  above.  It  was  tirst  employed 
by  Hesse,  one  of  Koch's  collalxiraturs  in  the  office  of  the  imperial 
board  of  health  of  Berlin.  Kofh,  who  was  in  search  of  a  trans- 
parent jelly  which  would  stand  the  temperature  required  for  the  cul- 
tivation of  certain  pathogenic  bacteria  (H?"  to  .'IS"  C).  quickh"  recog- 
nized its  value  and  introduced  it  into  general  u.se. 

The  agt-tr-uifar  jeliy  is  more  difficidt  to  filter  than  the  gelatin 
medium,  and  some  skill  is  recpiired  in  order  to  obtain  a  ti-ansparent 
solution.  It  will  bear  long  boiling  without  losing  its  (juality  of 
fonning  a  stiff  jelly.  From  ten  to  twenty  grammes  are  added  to  a 
btre  of  flesh  infusiou.  or  wo  may  make  a  jjeptontzed  (Kjar  in  accor- 
dance with  the  ftiUowing  formula  which  is  given  by  Salonionson : 
Add  to  one  litre  of  distilled  water  tive  grammes  Liebig"s  extract, 
thirty  grammes  peptone,  five  grannnes  cane  sugar,  fifteen  grammes 
agar.  Cook  for  an  h<iur.  render  slightly  alkaline,  aiul  cool  to  below 
00°  C.     Clarify  and  c<H)k  again  for  an  hour  or  more. 

Glyceriii-iiijftr  is  made  by  adding  Hve  per  eent  of  glycerin  to 
the  peptonized  agar  made  In'  the  above  fonnula  or  by  the  use  of  the 
flesh-f)ept'One  infusion.  This  is  a  very  favorable  medium  for  the  cul- 
tivation of  the  tul>ercle  bacillus — Hrst  used  by  Houx  and  Nocard. 

Aijar-gelatin,  a  medium  which  has  recently  come  into  favor  and 
is  said  to  be  verj-  useful,  as  it  re.sembles  gelatin  in  transparency  and 
has  a  considerably  higher  melting  point  than  ten-f)er-cent  gelatin,  is 
made  by  adding  fifty  grammes  of  gelatin  and  ?.5  grammes  of  agar 
to  a  Utre  of  flesh-peptone  solution.  Care  should  be  taken  not  to  cook 
this  longer  than  is  necessary-. 

In  making  all  of  these  agar  culture  media  the  main  difficulties 
encountered  result  from  the  difficulty  of  dissolving  the  agar  and  the 
slowness  with  which  the  solution  passes  thrtyugh  filtering  jjaper. 
These  difficulties  are  best  met  as  follows  :  Break  up  the  sticks  of  agar 
into  small  fi-agmeuts  and  allow  theJii  to  stiak  in  cold  water  for  twenty- 
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four  hours.  Pour  oflf  tho  water  and  add  the  flesh-peptone  solution. 
Boil  for  several  hours  until  the  agar  is  completely  dissolved.  Neu- 
tralize by  mlding  gradually  a  solution  of  carlxinate  of  soda  (or  render 
jjlightly  alkaline).     Filter. 

The  last  operation  iH  the  most  troublesome,  and  various  plans 
have  been  proposed  to  avoid  the  tedious  filtration  throiigh  filtering; 
paper  in  a  hot-water  filter.  A  method  which  gives  satisfactory  re- 
sults is  to  ptat-e  the  filter  noutaining  the  hot  agar  solution,  and  the 
flask  which  is  to  receive  the  filtrate,  in  a  steam  sterilizing  apparatus, 
where  it  is  left  in  an  atmosphere  of  streaming  steam  until  the  fi.ltra- 
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tion  is  completed.  Or  the  solution  may  lie  put  in  a  tall  jar  and  left 
in  the  steam  sterilizer  f()r  several  hours  until  it  is  clear  as  a  result  of 
sedimentation.  The  clear  solution  is  then  obtained  by  decantation. 
Or  by  conducting  the  operati4)n  in  a  tjill  cylindrical  vessel,  and  al- 
lowing sedimentation  t*»  occur  in  the  steam  sterilizer  and  the  ag^ 
subsequently  to  solidify  by  cooling,  the  cylinder  of  jelly  may  be  re- 
move<l  from  the  jar  and  the  part  containing  the  seiliment  can  be  cut 
awaj'.  Tho  transparent  portion  is  then  melted  again  and  distributed 
in  test  tubes  for  use. 

In  the  present  volume  we  fre«]uently  refer  to  the  nutrient  medium 
made  by  adding  one  to  two  |ier  cent  of  agar-agar  to  the  standard 
Hetth-peptone  solution  as  "  nutrient  agar  "  or  simply  as  "  agar." 
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The  following  method  of  filtering  agar  has  recentlj-  (1890)  been 
proposed  by  Karlinsiky.  It  is  a  modification  of  the  method  previously 
described  by  Jakobi  and  dejjeuds  uptju  the  use  of  pressure. 

In  Fig.  18,  a  i8  a  cylindrical  vessel  of  tin,  which  is  closed  above  by 
a  perforated  rubWr  cork,  through  which  is  passed  a  glass  tul)e,  b. 
This  is  enclusetl  in  a  larger  tin  cylinder,  c,  which  contiiins  water, 
which  may  he  kept  hot  by  placing  an  alcohol  lamp  under  the  pro- 
jecting arm  d.  The  central  cylinder  has  a  tube,  e,  passing  through 
the  bottom  of  the  hot-water  cylinder,  and  which  is  pro\ided  with  a 
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8tof)Cock  for  drawing  off  the  filtered  solution.  Before  pouring  the 
hot  agar  solution  into  the  cyHnder  a,  a  cotton  filter  about  ten  centi- 
metres thick  is  placed  at  the  bottom  of  this  cylinder  and  hot  water 
is  poured  upon  it  while  the  stopc<:>ck  of  the  outlet  tube  is  open.  This 
washes  out  the  cotton  and  prepares  the  filter  for  the  agar  solution. 
The  apparatus  is  supported  up»m  a  trijiod,  not  shown  in  the  figure. 
Filtration  is  said  to  occnr  rapidly  when  the  air  in  the  central  cy Under 
is  compre8se<l  by  means  of  the  hand  bellows  attached  to  the  tul>e  b. 
Unna  {l8fH)  has  devised  a  filtering  apparatus  for  agar  which  is 
shown  in  Fig.  19.    In  this  the  pressure  of  .steam  is  utilized.    A  hollow 
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sphere  of  <'op])er,  snppirteil  upnii  a  trijHHl,  is  st>  runstnickMi  that  an 
iippi»r  heinispheric'Hl  sej^it'iit  can  Im  removed  to  give  access  to  the 
interior.  An  ojx^ning  at  the  bt)ttoni  contains  a  perforated  ruWier 
cork,  tliroiifjjh  wliirlj  the  wtein  of  an  enanielleil  iron  fiinnel  fiH.xses, 
A  simple  (iher  of  filtering!:  paper  is  used  in  this  funnel,  and  this  is 
HUed  to  a  depth  of  two  centimetres  w^ith  well-burned  kieselgur(diar 
tomace<niH  earth  in  whicti  the  orjjjanic  matter  has  lieen  destroyed  by 
heat).  The  lu>t  sohitioii  of  »igar  is  jKiured  into  the  funnel,  and  hot 
water  into  the  space  between  it  and  the  copper  vessel ;  this  must  not 
come  t«jo  near  the  top  of  the  funnel — nut  nearer  than  three  centi- 
metres. The  hemisphencal  cover  is  then  secured  in  its  place  by 
means  of  a  clauip  screw  shown  in  the  figure.  By  placing  a  Bunsen 
burner  muler  the  )>rojecting  arm  the  water  is  nuule  to  Imjl  and  a 
surticieut  steam  pressure  secnirt^d.  A  small  stopcock  atta<'hed  to  the 
cover  of  tiie  copper  vessel  permits  the  esca^K-  of  st<'am  if  the  pressure 
is  t<H»  great.  According  to  Unna,  stiliitions  containing  as  much  as 
thive  per  cent  of  agar  can  be  filtered  by  means  uf  this  apparatus,  and 
a  litre  of  two-jwr-cent  agar  will  jmiss  through  it  in  about  two  hours. 

ik'hultz''  litfjud  Method  of  Pn-pdiini)  yntrient  Ayar-A(jar. — 
Place  one  thousand  five  hundred  cubic  centimeti-es  of  water  in  an  en- 
amelled iron  {Hjt;  add  eighteen  grammes  of  agar-agar,  broken  in  small 
pieces,  and  place  ujwn  a  gfis  stove;  boil  for  half  an  hour;  add  while 
boiling  two  grammes  of  Liebig's  extract  of  beef ;  remove  from  fire  and 
cool  to  G0°  C. ;  then  add  ten  grammes  of  ilry  peptone,  live  grammes 
of  BOilium  chloride,  and  the  contents  of  one  egg  ]x?aten  tip  in  a 
sufficient  quantity  of  water  to  supply  that  lost  by  evaporation ;  neut- 
ralize the  mixture  by  the  addition  of  dilute  hydrochloric  acid;  boil 
again  for  five  or  ton  minutes;  filter  through  white  filter  paper.  If 
tlie  filtrate  is  not  entirely  rlettr  add  to  it  the  all)imien  of  a  second 
eggandboiUmtiltlusis  coagulate<l ;  then  fitter  again.  Ahvays  mois- 
ten the  Jitter  m'th  water  before  filtering  sohtiions  containing 
(jelniin  or  agar-agar.  When  the  pnx'ess  is  completed  the  amotint 
of  filtered  culture  medium  should  be  about  one  thousand  cubic  centi- 
metres. 

For  sixi'ial  purptwes  various  substances  are  addt'd  to  the  above- 
descrilie<l  solid  and  licjuid  media.  A  favoralile  addition  for  the 
growth  of  a  con.sidenible  nund>er  of  bacteria  is  from  one  to  three  per 
rent  of  gliicone.  The  phosplmrescent  hiicteria  grow  best  in  a  medium 
containing  two  to  three  per  cent  of  sod  in  in  chloride.  The  addition 
of  three  to  four  jk-T  cent  of  potaMtiium  nitrate  is  made  in  conducting 
experinienta  designed  to  test  the  reducing  jxjwer  of  certain  bacteria, 
by  which  tliis  salt  is  decomposed  with  the  protluction  of  nitrites. 
Adda  are  also  added  in  various  proportion  to  test  the  ability  of 
bMteria  under  investigation  to  grow  in  an  acid  meilium.     From 
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1 : 2,000  tt»  1 :  500  of  hydrochloric  acid  may  lie  used  for  this  purpose. 
The  addition  of  litmii.i  to  milk  or  other  culture  media  is  fre- 
<iu«^ntly  re8i>rted  to  for  the  puri.H)so  of  ascertaining  whether  acids  or 
alkalies  are  developed  during'  the  growth  of  haeteria  under  investi- 
gation. The  addition  of  an  ifiiie  colnnt  which  are  variou**ly  changed 
by  the  products  t>f  growth  of  certain  specieis  has  also  been  resorted 
to  in  the  ilifferentiation  of  species.  VariouH  disinfecting  agents,  such 
as  cnrhnfir  <iri(l,  etc.,  have  also  been  u.se<l  for  the  same  purp<^>8e.  and 
it  ha«  lieen  shown  by  exfieriment  that  some  l>acteria  w^ill  grow  in  a 
medium  containing  such  agents  in  a  proportion  which  would  entirely 
restrain  the  development  of  others. 

The  sohtbfe  sihcates  which  form  a  jelly-like  mass  have  l>E«n 
proposed  as  a  culture  medium  for  certain  bacteria  which  do  not  grow 
in  the  usual  media.  Kiihne  (IHltO),  Winogradsky  (18511),  and  Sies- 
kin  (18111)  have  made  experiments  which  indicate  that  this  meilium 
has  considerable  value. 

Winogradsky    uses  in  the  preparation   of  his  silicate  jeUy  the 

following  salts ; 

0.4  gramoje. 

0.06 

0.1 


Ainmoniiim  sulpliale. 
Magnesium  sulphale, 
Polassiiuiv  pJio-sphafc, 


Calcium  chloritfe, 
Sodiutn   carbonate, 
Distil  led  water. 


a  trace. 
0.6  lo  O.S)  gramme. 
100  grammes. 


To  this  he  adds  a  solution  of  silicic  acid.  According  to  Kiibne,  a 
solution  containing  ;{.4  {H»r  cent  of  silicic  acid  and  having  a  specific 
gra\'ity  of  1.0'i  may  be  preservetl  in  a  liquid  conditii^m.  To  this  the 
salt*  are  addetl  in  greater  or  less  amount,  according  to  the  consis- 
tence desired. 

Sleskin  states  that  a  suitable  jelly  is  fonned  by  the  addition  of 
1.1.1  to  1.45  jier  cent  of  the  stdt.s.  and  reeoinnicnds  that  concentrated, 
sterilized  Hohition.s  lie  adde«l  to  the  acitl.  He  dissi>lves  sc]>arately.  in 
as  little  water  as  pt>s8ible,  the  sulphates,  the  potassium  phosphate 
and  sixiiura  carbonate,  and  the  calcium  chloride. 

The  use  of  a  culture  medium  containing  an  extract  from  the  je- 
quirity  seeds  has  been  recommended  by  Kaufniann  (ISfU),  who  has 
found,  by  experimenting  upion  various  bacteria,  that  such  a  medium 
is  useful  in  differentiating  species. 

The jVf/" //■////  stihitioii,  which  may  Ive  used  as  a  liquid  medium 
or  may  l>e  emplfn-ed  in  the  preparation  of  nutrient  gelatin  or  agar,  is 
prepared  as  follows  :  Ten  grammes  of  jetpiirity  seeds  are  bruised  in 
a  mortar  and  the  shells  removed  ;  they  are  then  placed  in  one  hun- 
ilred  cubic  centimetres  of  water  and  cooked  for  t  wi»  hours  in  the  steam 
sterilizer ;  after  allowing  the  infusion  to  cool  it  is  filtered.  The  fil- 
tered liquid  ha.s  a  pale-yetlow  color  and  a  neutral  or  slightly  alkaline 
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retiction.  Certain  bacteria  grow  hi  this  solution  without  producing 
any  change  in  its  color ;  others,  which  produce  an  acid  reaction, 
cause  it  to  l>e  decolorized  ;  others,  which  produce  an  alkaline  reac- 
tion of  the  medium,  change  the  color  to  gre<'n. 

Coiikpfi  P*ttiif<>. — Schroter  first  used  cookod  potato  as  a  culture 
mediiuu  for  certain  chromogeuic  bacteria  (1S72),  and  Koch  sub«e- 
queiitly  called  attention  ii>  the  great  value  of  {Kjtato  cultures  for 
differentiating  species.  His  plan  of  preimring  potati>es  is  as  follows: 
Sound  potatoes  are  chosen  in  which  the  epidermis  is  intact.  These 
arc  thoroughly  washed  and  scrubbed  with  a  Jvrush  to  remove  all 
dirt.  The  ''  eyes"  and  any  bruised  or  discoloivd  sfwits  are  removed 
with  a  sharp-iHiinted  knife.  They  are  again  thoi-oughly  washed  in 
water,  and  are  then  placed  for  an  htmr  in  a  Imth  containing 
mercuric  cldoride  in  tlie  prnjtortion  of  1  :.1(M.  to  thormigkly  disinfect 
the  surffU'c.  They  are  then  placed  in  a  steam  sterilizer  for  about 
three-quarters  of  an  hour,  and  after  an  interval  of  twenty-four  hours 
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are  again  steamed  for  fifteen  minutes.  It  is  well  to  wrap  each 
potato  in  tissue  paper  before  placing  it  in  the  bichloride  bath,  and  to 
leave  it  in  this  protecting  envelope  until  it  is  placed  in  the  gla«s  dish 
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in  which  it  is  preserved  from  coutamination  by  atmospheric  germs 
after  being  inoculated  with  some  particular  microorganism.  Just 
before  such  inoculation  the  potixto  is  cut  in  halves  with  a  sterilized 
(by  heat)  table  knife.  The  bacteria  to  be  cultivated  are  placed  ufKiu 
the  cut  surface  and  the  potato  is  preserved  in  a  glass  dish  (Fig.  30). 

A  more  convenient  method,  and  one  which  secures  the  potato  more 
effectually  from  atmospheric  organisms,  is  to  cut  a  cylinder,  about 
an  inch  in  difiinetfr,  from  a  sound  potato,  by  means  of  a  tin  instru- 
ment resembling  a  cork  b«.irer  or  apple  corer.  This  cylinder  is  cut 
obliquely  into  two  pieces  ha\4ng  the  form  shown  in  Fig,  !J2,  and 
each  piece  is  placed  in  a  large  t-est  tulie  having  a  cotton  air  filter,  in 
which  it  is  sterilized.  This  method,  first  employe<l  by  Bolton,  has 
been  slightly  modified  by  Rou.x.  who  recommends  that  a  receptacle 
for  catching  the  water  which  separates  during  the  sterilizing  process 
be  fonned  by  making  a  constriction  around  the  test  tulxj  an  inch 
above  its  lower  extremity.  This  is  done  by  the  use  of  a  blowpipe. 
The  cylinder  of  potato  rests  upon  the  constricted  portion  of  the  tube, 
as  shown  in  Fig.  '.il. 

Sometimes  a  pofatn  pnsfe  is  employed.  The  potatoes  are  boiled 
for  an  hour  and  the  skins  removed,  after  which  they  ai*e  mashed 
with  a  little  sterilized  water,  placed  in  suitable  plates,  and  sterilized 
by  exposure  for  half  an  hour  on  three  successive  days  in  the  steam 
sterilizer.  Bread  paste  nmj-  Ije  made  in  the  same  way,  and  is  a  verj' 
favorable  medium  for  the  growth  of  certain  bacteria  and  also  for  the 
common  moulds. 
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A  MOST  important  part  of  bacteriological  technology  consists  in 
the  sterilization  of  the  various  culture  media  employed.  A  sterile 
medium  is  essential  for  maintaining  a  pure  culture,  and  we  can  only 
obtain  an  exact  knowledge  of  the  biological  characters  of  a  species 
by  studj-ing  its  growth  in  various  media,  its  physiological  reactions, 
its  pathogenic  power,  etc.,  independently  of  all  other  microorgan- 
isms— i.e.,  in  pure  cultures. 

We  may  sterilize  a  culture  medium  either  by  heat  or  by  filtration 
through  a  substance  which  does  not  {>ermit  bacteria  to  pass.  The 
last-mentioned  metho<l  is  useful  for  certain  special  purposes  ;  but,  in 
general,  sterilization  of  culture  media,  and  of  the  vessels  in  which 
they  are  preserved,  is  effected  by  heat. 

The  scientific  use  of  heat  an  an  agent  for  sterilizing  our  culture 
media  depends  upon  a  knowledge  of  the  thermal  death-point  of  the 
various  microorgjinisms  which  are  liable  to  be  present  in  them,  and 
uj>on  various  facts  relating  to  the  manner  in  which  heat  is  applied. 
All  this  has  been  determined  by  exiterinieiit,  and  before  giving 
practical  directions  for  sterilization  it  will  be  well  to  consider  the 
experimental  data  upon  which  our  methtidB  are  ba.sed. 

As  a  rule,  bacteria  wliich  do  not  form  spores  are  killed  at  a  com- 
paratively low  temjH?rature.  Thus,  in  a  series  of  experiments  Tn«4le 
liy  the  trriter  upon  the  tliemial  death-point  of  various  pathogenic 
organisms,  the  pus  cocci  were  found  to  be  the  most  resistant,  and  all 
of  these  were  killed  by  exposure  for  ten  minutes  to  a  temperature 
of  G'i"  C.  (H.'J.ti'  F.).  There  are  several  species  of  bacteria  knowni, 
however,  which  not  only  are  not  killed  by  this  temperature,  but  are 
able  to  grow  and  multiply  at  a  temfKjrature  of  <!5°  to  70°  C.  (Miquel, 
Van  Tieghem,  Olobig).  But  it  is  safe  to  say  that  exposure  t«  a 
boiling  tem|)erature  for  a  minute  or  two  will  infaUibly  destroy  all 
microorganisms  in  the  absence  of  spores,  when  theij  are  in  a  vioisl 
condition  or  mot.st  heat  is  used — i.e.,  when  they  are  directly  ex- 
posed to  the  action  of  boiling  water  or  of  steam.  The  power  of  dry 
heat  to  destroy  micnxirganisms  in  a  desiccated  condition  is  a  differ- 
ent matter  and  will  rei^uire  special  consideration. 
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The  spores  of  bacilli  have  a  much  greater  resisting  power,  and 
the  vitality  of  some  of  these  reproductive  bodies,  from  known  spe- 
cies, is  not  destroyed  by  a  b<iiling  temperature  maintained  for  sev- 
eral hours.  Thus  Globig  found  that  the  spores  of  a  certain  bacillus 
from  the  soil — his  "  red  potato  bacillus  " — refiuired  six  hours'  exposure 
to  streaming  steam  in  order  to  destroy  it.  Steam  under  pressure,  at 
a  temperature  of  115''  C,  killed  it  in  half  an  hour  ;  at  125°  C.  in  five 
minxites.  This  extreme  resisting  power  is  exceptional,  however, 
and  manj'  spores  are  destroyed  in  a  few  minutes  by  the  boiling  tem- 
|>erature  of  water. 
I  In  practice  we  assume  that  some  of  the  more  resistant  spores, 

'  which  are  fre«iuently  present  in  the  atmosphere,  may  have  fallen 
into  our  culture  material,  and  to  insure  its  sterilization  we  subject  it 
to  a  temperature  which  can  l>e  dejiended  upon  to  destroy  these  ;  or 

t  we  resort  to  the  method  of  di.scnntiniiotis  heaiinrf.  This  method 
was  first  employed  by  Tyudall  (1877),  and  is  now  in  general  use  in 
the  bacteriological  laboratories  of  Germany,  ha\nng  l^een  adopteil  by 
Koch  and  his  pupils  ;  while  in  France  a  single  sterilization  by  means 
of  steam  under  pressure,  securing  a  higher  temperature,  is  still  the 
favorite  method  with  many. 

In  the  methofl  by  discontinuous  heating  we  subject  the  culture 
material  for  a  short  time  to  the  temperature  of  boiling  water,  thus 
destrojang  all  bacteria  in  the  vegetative  stage.  After  an  inter^'al. 
usuallj'  of  twenty-foiir  houi-s,  we  repe-at  the  operation  for  the  pur- 
pose of  destroying  those  which  in  the  meantime  have  developed 
from  spores  which  may  have  been  present.  Again  the  material  is 
put  aside,  and  after  twenty-four  hours  it  is  Jigain  heated  to  the 
twiling  point.     This   is  usutdly  repeattnl  from  three  to  five  times. 

»The  object  in  view  is  to  kill  the  growing  Iwicteria  which  are  de- 
veloped from  spores  which  were  present ;  and,  as  a  matter  of  expe- 
rience, we  find  that  this  method  of  sterilization  is  more  reliable  than 
a  single  prolonged  boiling,  unless  this  lie  effectetl  at  a  higher  tem- 
perature than  that  of  boiling  water  at  the  ordinary  pressure  of  the 
atmosphere.  Discontinuous  heating  is  esjx'i'ially  useful  for  the  sterili- 
zation of  liquids  which  would  be  injured  by  prolongtHl  boiling — as  is 
the  case  with  solutions  of  gelatin — or  which  are  coagulated  by  the 
Iwiling  temperature.  By  means  of  a  water  bath,  the  temperature 
of  which  is  regulated  automatically,  we  may  c«mduct  the  operation 
at  any  desired  degree.  Thus  in  sterilizing  blood  serum  we  use  a 
temperature  a  little  below  that  at  which  coagulation  occurs  (about 
70°  C). 

Test  tubes,  flasks,  and  apparatus  of  various  kinds  are  corrnnonly 
sterilized  by  dry  heat  in  a  hoi-air  oven.  This  is  usually  made  of 
sheet  iron,  with  double  walls,  and  shelves  for  supporting  the  articles 
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to  be  Sterilized.  The  form  shown  in  Fig.  23  is  commonly  used  in 
bacteriological  laboratories. 

It  must  be  remeniljered  that  a  much  higher  temperature  is  re- 
quired for  the  deHtructiou  of  microorganisms  when  dry  heat  is  em- 
ployed than  is  the  case  with  moist  heat.  The  experiments  of  Koch 
and  Wolffhugel  (1881)  show  that  a  temperature  of  120"  to  128°  C. 
(248°  to  262°  F.)  is  required  to  destroy  the  spores  of  mould  fungi,  and 
micrococci  or  bacilli  in  the  absence  of  spores.  For  the  spores  of  ba- 
^Ui  a  temperature  of  mf  C.  (284"  F. ),  maintained  for  three  hours, 
woi*  required. 

In  practice  we  usually  maintain  a  teiupeniture  of  aboiit  loU""  C. 
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(302*  F.)  for  an  hour  or  more ;  and  it  is  customarj'  to  sterilize  all 
test  tubes  and  flasks,  which  are  to  be  used  as  receptacles  for  culture 
media,  in  the  hot-air  sterilizer.  This  procedure  could  no  doubt,  how- 
ever, be  di8pen8e<l  with  in  many  cases  and  reliance  be  placed  upon 
the  sterilization  of  the  flask,  together  with  its  contents,  in  the  steam 
j«terilizer,  especially  with  such  culture  metlia  as  are  not  injured  by 
longerpo.sure  to  a  boiling  temperature — e.ij,,  bouillon  an<l  agar-agar. 
When  we  propose  to  cultivate  aerobic  bacteria,  or  such  as  require 
oxygen  for  their  development,  a  cotton  air  filter  is  placed  in  the 
mouth  of  each  test  tube  and  rta.sk  before  it  is  sterilized  in  the  hot-air 
oven.  This  is  a  loose  plug  of  cotton,  pushed  into  the  neck  of  the 
flask  for  an  inch  or  more,  and  projecting  from  its  mouth  for  a  short 
distance.     These  cotton  filters  should  fill  the  tube  completely  and 
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uniformly,  but  should  not  be  packed  so  closely  that  there  is  difficulty 
is  remo\ing  them. 

Steam  Sterilizers. — Steam  at  the  ordinary  pressure  of  the  atmo- 
sphere has  the  same  temperature  as  Iwiling  water,  and  in  practice  is 
preferable  to  a  water  Ijath  for  several  reasons.  The  fumi  of  steam 
sterilizer  adopted  V»y  Koch,  after  extensive  experiments  made  in  col- 
laboration with  Loffler  and  Gaflfky,  is  now  generally  used  in  bacte- 
riological laboratories.  This  is  shown  in  Fig.  24.  It  consists  of  a 
cylindrical  vessel  of  zinc  which  is  covered  with  a  jacket  of  felt. 
The  cover,  also  covered  with  non-conducting  material,  has  an  aper- 
ture at  the  top  for  the  escape  of  steam.  A  glass  tube,  which  is  in 
conununication  with  the  interior  of  the  ves-sel,  serves  to  show  the 
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height  of  the  water  when  the.  apparatus  is  in  use.  The  bottom  of 
the  cylindrical  vessel  should  be  of  copper.  A  Bunsen  burner  having 
three  Jets  will  commonly  be  required  to  keep  the  water  in  ebullition 
and  the  upper  part  of  the  steam  sterilizer  filled  with  "live  steam," 
which  should  escape  freely  from  the  aperture  in  the  cover  to  insure 
a  temperature  of  1C)0°  C.  in  the  steam  chamber.  A  perforated  zinc 
or  copper  shelf  in  the  int^-rior  of  the  cylinder  serves  to  support  the 
flasks,  etc.,  which  are  io  be  sterilized.  Usually  they  are  lowered 
into  the  cyUnder  in  a  light  Avire  basket,  or  tin  j>ail  with  perforated 
bottom,  of  proper  diameter  to  slip  easily  into  the  sterilizer. 

Fig.  25  is  a  sectional  \'iew  of  this  sterilizer. 

The  steam  sterilizer  shown  in  Fig.  20  '  is  an  American  invention, 

'  The  Araold  steam  sterilizer,  maoufactured  at  Rochester,  N.  Y. 
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which  answers  the  purpose  admirably,  and  which  has  the  advantage 
of  getting  up  steam  very  quickly  and  also  of  using  comparatively 

little  gas. 

The  use  of  steam  under  pressure,  by  which  higher  terapemtures 
are  obtaiuefl.  letiuires  a  more  expeu.sive  apparatus,  matle  on  the 
principle  of  Piipin*s  digester.  The  form  manuf Pictured  by  Muncke 
is  one  of  the  lx>Kt.  This  is  nhowu  in  Fig.  27.  It  is  provided  with  a 
pressure  gauge  and  n  safety  valve.  A  single  sterilization  in  this  ap- 
paratus, at  a  temperature  of  115^  C,  for  half  an  hour,  %vill  usually 
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suflfic*'.  and  for  liquid  oidture  media  or  for  agar-agar  this  methotl  is 
entirely  satisfactory  ;  but  a  gelatin  mediutn  which  is  exixjsed  to  this 
temperature  loses  its  prt>pert-y  of  fonning  a  jelly  at  20°  to  22°  C,  and 
c<->nse<(uently  its  value  as  a  solid  culture  medimn.  In  practice  tho 
simpler  fonn  of  ap]>aratus  in  which  streaming  steam  is  use<i  Avill  l»e 
found  to  answer  ever)'  retjuirement.  To  insure  sterilization  with 
this  it  is  customary  to  resort  to  discotjtiimous  heating,  as  heretofore 
dewcriljed.  The  standard  riesli-]>eptoiie-gt'!atin  meilium  slwuld,  as 
a  rule,  !»  Bubjecte<l  to  a  temperature  of  lOU"^  C.  for  ten  minutes,  at 
intervals  of  twenty-four  hours,  four  days  in  succession.  Bouillon, 
tlesh  infusions,  and  agiir-agar  jelly  may  be  steamed  fur  an  hour  ut  a 
time  two  or  three  da>-s  iu  succession. 
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It  is  always  ad-snsable  to  test  the  sterilization  of  culture  material 
before  making  use  of  it.  This  is  done  by  placing  it  for  a  few  days 
in  an  incubating  nven  at  '^^  to  35"""  C.  If  a  considerable  quantity  of 
material  in  test  tubes  has  been  prepared  at  one  time,  it  will  be  suffi- 
cient to  put  a  few  tubes  in  the  ineubating  oven  to  test  sterilization. 

Failure  to  make  this  test  often  leads  to  serious  complications  in 
experimental  investigations.  A  laborator)'  sometimes  becomes  in- 
fected with  resistant  spores,  which  are  not  all  destroyed  by  the  usual 
methods  of  sterilization,  and  tlie«e  may  not  develop  until  some  time 
has  elapsed  after  the  suppose<i  sterilization. 

Sterilization  of  Blood  ^ertini. — Blood  senun  which  has  been 
collected  in  test  tulx's  or  small  flasks,    as    heretofore  directed,   is 
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PBterilized  in  a  water  bath  at  G0°  C.  (140"  F.)  by  the  method  of  dis- 
continutms  heating.  It  is  usually  left  in  the  hot-water  bath  for 
about  an  hour,  and  this  is  repeated,  at  intervals  of  twenty-four  hours, 
for  five  to  seven  days.  This  rather  tedious  proce.ss  may  be  avoided 
by  collecting  the  serum  in  the  first  instance  ^\nth  proper  precautions 
to  prevent  it  fron\  l>ecoming  contaminated  with  atmospheric  organ- 
isms. A  special  apparatus  was  devised  by  Koch  for  sterilizing  blood 
serum,  but  an  inijirovised  hot-water  bath  which  is  regulated  to  a 
tem}>erature  of  UO  '  C.  by  an  autontatic  themio-regulator  m\\  answer 
the  purpose.  After  being  sterilized  the  serum  is  8olidifie<l  by  careful 
exposure  to  a  temijerature  of  about  (W  C.,  which  causes  it  to  co- 
agulate, fonning  a  transparent,  jelly-like  mass.  When  coagulated 
at  a  higher  teniporatu:-H  it  becomes  opaque.  The  time  required  for 
this  operation  varies  from  half  an  hour  to  an  hour,  and  it  is  best  to 
remove  the  tubes  from  the  receptacle  in  which  they  are  exposed  to 
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he^t  as  Boon  as  the  serum  is  solidified.  Koch's  apparatus  for 
lating  blood  sei-um  is  shown  in  Fig.  28.  It  is  customary  to  place  the 
test  tulies  in  an  oblique  position,  so  that  a  large  surface  may  be  ex- 
po8e<l  upon  wliich  to  cultivate  the  tulx-rcle  bacillus  or  whatever 
microorganism  may  be  under  investigation.  A  fonn  of  apparatus 
designed  for  both  sterilizing  and  coagulating  blood  serum  is  shown 
in  Fig.  29.  It  is  manufactured  by  Miincke  in  accordance  with  the 
directions  of  Hueppe,  and  special  precautions  have  been  taken  to  se- 
cure a  uniform  temperature  in  all  parts  of  the  air  chamber.     We 
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may  remark  that  since  it  has  been  shown  by  Roux  and  Nocard  that 
the  tubercle  bjicillus  grows  very  well  in  agar-agar  jelly  to  which 
five  per  cent  of  glycerin  has  been  added,  bl«x»d  serum  is  not  so 
largely  used  as  a  culture  medium  in  bacteriological  laboratories. 

Sterilization  bif  Filtration. — This  methitd  is  especially  useful 
for  separating  the  soluble  substances  contained  in  a  liquid  culture  of 
bacteria  from  the  living  cells.  It  has  been  demonstrated  that  several 
of  the  most  important  patliogenic  bacteria  produce  toxic  substances 
during  their  growth  which  may  cause  tlie  death  of  susceptible  ani- 
mals independently  of  the  Uving  bacteria ;  and  this  demonstration 
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has  been  made  either  by  sterilizing  a  pure  t-ulture  by  means  of  heat, 
or  by  separating  the  bacteria  from  the  culture  liquid  by  filtration. 
Some  of  these  t<ixic  producte  of  bacterial  growth  are  destroyed  by  a 
comparatively  low  temperature ;  the  metliml  of  sterilization  by  fil- 
tration is  therefore  very  imixirtant  in  researches  relating  to  the 
composition  and  pathogenic  iK>wer  of  these  soluble  products.  Pas- 
teur, in  his  earlier  experiments,  used  plaster  of  Paris  as  a  filter,  and 
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subsequently  re.«?orted  to  the  use  of  iinglazed  porcelain,  through 
which  a  liquid  may  l>e  forced  by  ]>re8sure,  but  which  does  not  per- 
mit of  the  pissage  of  suwpende<l  particles,  however  small. 

As  the  porcelain  filter  is  the  most  reliable  and  convenient  for 
accompli.shing  the  object  in  vie-w,  wesliall  not  descrilie  other  metlu ids 
of  filtration  which  have  been  proposed  and  successfully  used.  The 
porcelain  used  is  a  very  fine  paste,  manufactured  at  Sevres,  which  is 
moulded  into  cylinders  (bofifjien)  of  the  form  proposed  by  ChamV»er- 
land  and  baked  at  a  high  temperature. 
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In  Fi«.  ;50  the  Pasteur-Charaberland  filter  is  shown  as  arranged 
for  the  filtration  of  water.  A  is  the  hollow  jxircelain  cylinder,  which 
is  enclost'd  in  a  inetiil  case,  D.  The  metal  case  is  tightly  clamped 
against  a  projecting  shoulder  jit  the  lower  part  of  the  porcelain  filter, 
a  ring  of  rubber  being  interposed  to  secure  a  tight  joint.  When 
water  uniler  presstire  is  adtnitte*!  to  t\w  spnce  E.  Iietween  the  cylin- 
der of  porcelain  and  the  metal  case,  it  slowly  filters  through,  and, 
running  down  the  inner  wall  of  tlie  filter,  escapes  at  B  into  a  recep- 
tacle placed  to  receive  it.  If  we  fill  the  space  E  with  a  liquid  cul- 
ture of  bacteria  and  apply  sufficient  pressure  (one  or  two  atmo- 
spheres), a  clear  filtrate  is  obtained  which  is  entirely  sterile  if  the 
p«.)rcelain  fitter  is  sound  and  made  of  proper  material.     After  the 


Fio.M. 

filter  has  been  in  use  for  some  time,  however,  it  may  |)ermit  the 
sage  of  bacteria,  and  it  will  be  necessary  to  subject  it  to  a  high  t«n^ 
perature  for  the  purpose  of  destroying  all  oi^mic  matter  containeii 
in  the  i^mius  p<3rcelain. 

We  may  use  the  Chamberland  filter  without  a  metal  case  b^'  im- 
mersing it  in  a  cylindrical  glass  vessel  containing  the  litjnid  to  be  fil- 
tered, an  shown  in  Fig.  31.  The  porcelain  cylinder  is  connected  with 
an  a.spirator  Ixittle,  ci,  and  a  small  Erlennieyer  fiask,  b,  is  interp«iseil 
to  catch  the  filtrate  when  it  overflows  froni  the  interior  of  the  filt*!r. 
Of  c«3urse  all  the  necessary  precautions  must  be  taken  >vith  reference 
to  the  sterilization  of  the  interior  of  the  hotufif,  <.>f  the  Hask  b,  and  of 
the  rubl>er  tulw  connei'ting  the  two. 

Another  arrangement  of  the  Pasteur-Cham berland  filter  for  labora- 
tory purjHMeA  ie»  shown  in  Fig.   33.     In  this  fonn  of  npiNiratus  a 
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aptacle.  R,  is  provided  ftar  theliijiiid  to  be  filtered,  and  a  pump  for 
impressing  air  is  attached  tu  it  by  a  rubber  tnl»e.  Instead  of  this 
^purap,  water  pressure  may  be  used  indii-eetly  by  attaching  a  strong 
bottle  to  the  water  supply  and  alhnving  it  to  till  slowly  with  water, 
and  at  the  same  time  to  force  out  the  air  through  a  tulie  connected 
with  the  filtering  apjKiratus.  For  this  purptwe  the  lnjttle,  ha^•^ng  a 
capacity  of  a  quart  or  more,  shoidtl  be  pro\nded  \vith  a  rubber  stop- 
per through  which  two  short  tubes  are  pas.se<l.  One  of  these  ia  con- 
nected vrith  the  water  supply  and  the  other  with  the  filter.  Of 
course  this  is  only  jiracticable  when  a  water  jnupply  with  sutticient 
pressure  is  available. 
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As  a  rule,  filtration  cannot  l>e  substituted  with  advantage  for  ster- 
ilization by  heat  in  the  preparation  of  cidture  meitia.  Albuminoua 
liquids  pass  through  the  filter  with  difficulty,  and  the  prix"e!*s  of 
sterilization  by  discoutiiiued  heating  will  usually  jjrovo  more  sjitis- 
factorj'  than  filtration,  which  recjuires  extreme  precautions  to  pre- 
vent accidental  contamination  of  the  filtered  liquid.  Moreover,  the 
filter  may  change  the  composition  of  the  medium  passed  through  it 
by  preventing  the  pas.sage  of  colloid  and  albuminous  material  in  so- 
lution. Thus,  in  an  attempt  to  se|mrate  blood  corpuscles  from  the 
serum  by  filtration  through  a  Chamberland  filter,  the  writer  obtained 
a  transparent  li(|uid  which  did  not  coagidate  by  heat^/.c ,  the  albu- 
minous constituents  of  the  serum  did  not  pass  through  the  filter. 
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CULTURES  IN   LIQUID   MEDL\. 

Prior  to  the  introduction  of  gelatinous  media  by  Koch  in  1881, 
cultures  were  made  in  various  organic  litjuids,  ami  these  are  still 
largely  use*!,  being  for  certain  purposes  preferable  to  solid  media. 
The  method  of  preparing  and  sterilizing  the  flesh  infusions  and 
t)t.her  organic  MtpiidH  conxmonly  used  lia«  already  been  given.  We 
are  here  concerned  with  the  various  modes  of  using  these  nutritive 
li^iuids   in  rtiltivating  bacteria. 

FlsisL><  and  tubes  t>f  various  forms  have  been  omidoyed  by  differ- 
ent investigators,  Init  the  most  useful  receptacle  for  liquid  as  well  as 
for  solid  rulture  media  is  flu'  orrhiKtnj  ii'st  itiht\  These  are  care- 
fully cleaned.  }>[uggeil  with  a  cotton  air  filt^^rj  sterilized  in  the  hot-air 
oven  at  150' C.,  and  are  Iheii  ready  to  receive  the  filtered  li(|uid. 
Usually  the  tulw  slicmhl  nut  be  tilled  to  more  than  f>nc-third  to  one- 
half  of  its  capacity.  Sterilization  tjf  the  culture  liquid  is  then  effected, 
by  plat-ing  the  tubes  in  the  steam  steriliz'-r  for  half  an  hour  on  threo 
successive  days.  Before  using,  the  tubes  shoidd  l»e  placed  for  a  few 
days  in  an  incubating  oven  at  .'10"  to  35°  C.  to  test  the  sterilization. 
This  is  especially  imijortant  with  liipiid  media,  for  if  a  single  living^ 
spore  is  present  it  may  give  rise  to  an  abundant  progeny,  which  will 
be  distributed  through  the  liquid  in  association  with  the  species 
which  ha.s  been  plante«l.  In  solid  cultures,  on  the  contrary,  such  a 
spore  would  give  rise  to  a  colony,  which  by  its  locality  and  characters 
of  growth  woidd  proliably  be  rf>cognized  as  different  from  the  8|)ecie8 
plant(^d.  and  consetjuently  accidental.  This  is  the  great  danger  in 
the  use  of  liquid  metlia  ;  imj)erfect  Hterilization,  or  accidental  contami- 
nation by  atnios])heric  genus,  nxay  leml  the  inexperienced  student 
into  serious  errors  resulting  from  the  assumption  that  the  micro- 
organisms present  in  his  cultures  are  all  derived  from  the  seed  he 
planted. 

On  the  other  hiuid,  liquid  media  are  more  convenient  than  solid 
when  it  is  the  intention  to  isolate  by  filtration  the  soluble  products  of 
l>Bcterial  growth;  for  injt»ction  intoanituiils  to  test  pathogenic  |x>wer; 
f«)r  exi)erimeats  ou  the  germicidal  or  antiseptic  power  of  chemical 
agents,  etc. 


CULTURES   IX  LIQUID   MEDIA. 


m. 


For  larger  quantities  of  liquid  than  can  be  held  in  an  ordinary 
test  tube  the  small  flasks  with  a  flat  Ixittom,  known  as  Erlennieyer 
flasks,  are  very  convenient  (Fig,  33). 

In  his  earlier  researches  Pasteur  used  flasks  and  tubes  of  various 
forms,  which  served  a  useful  purpose,  but  have  been  displaced  in  his 
laboratory  by  the  simpler  form  of  apjtfiratus  shown  in  Fig.  3-i. 
This  is  a  little  flask  having  a  cover  which  is  ground  to  fit  the  neck. 
This  cover  is  drawn  out  above  into  a  liarrow  tube  which  admits 
oxygen  t-o  the  flask  through  a  cotton  air  filter.  To  obt«in  access 
to  the  interior  of  the  flask  for  the  purjMise  of  introducing  bacteria 
to  start  a  culture,  or  to  obtain  material  for  microscopical  examina- 
tion, the  cover  is  detachetl  at  the  ground  joint  by  a  gentle  twsting 
motion. 

There  is  much  less  danger  that  a  sterile  culture  liquid  will  become 
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contaminated  during  the  momentary  removal  of  the  cover  from 
one  of  these  little  fltisks,  or  of  the  t^itton  plug  from  a  test  tube,  than 
is  usually  supixjsed.  Abundant  laboratory  experience  demonstrates 
that  such  contamination  by  bacteria  floating  in  the  atmosphere  rarely 
occurs.  The  spores  of  mould  fungi  are  c«)mmonly  more  abundant 
in  the  air,  but  even  these  do  not  verj'  frequently  fall  into  the  culture 
liquid  when  the  tube  is  opene<l  to  inoculate  it  ivith  the  bacteria  it  is 
proposed  to  cultivate.  This  inoculation  is  best  made  with  a  platinum 
■wire,  bent  into  a  loop  at  the  free  e.xtremity,  and  sealed  fast  into  the 
end  of  a  glass  rod  (Fig.  3.")).  This  is  sterilized  in  the  flame  of  a 
Bunsen  burner  or  alcohol  lamp  by  bringing  the  platiniuu  wire  to  a 
red  heat  and  passing  the  end  of  the  glass  rod  which  carries  it 
through  the  flame  several  times.  With  this  instriunent  we  may 
transfer  a  little  drop  from  a  culture  to  the  sterile  fluid  in  another 
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tube  for  tho  v>ur|x>se  of  starting  a  new  culture.  Or  we  may  start  a 
pure  culture  from  h  drop  of  bl(X)d  taken  from  tho  veins  of  an  animal 
which  has  btion  iniH-ulatod  with  anthrax,  «jr  any  similar  infectious 
disease  in  which  the  blood  is  invaded  by  a  bacterial  ^Mirasite.    . 

But  if  we  have  not  a  pure  culture  to  start  with  our  liquid  media 
do  not  afford  us  the  niwins  of  obtaining  one  ;  ami  if  two  or  more 
bacteria  which  resemble  each  other  in  their  morphology  are  associate*.! 
in  such  a  culture  we  cannot  diflferentiate  them,  and  are  likely  to  infer 
that  we  have  a  pure  culture  of  a  single  microt>rganisni  when  this  is 
not  really  tho  case. 

But  if  we  have  pure  stock  to  start  with  we  nuiy  maintain  pure 
cultures  in  liquid  media  without  any  special  difficulty. 

Various  characters  of  growth,  etc.,  are  to  be  observer!  in  culti- 
vating different  microiirganisms  in  liquid  media.  Thus  some  grow 
at  tlu^  surface  in  the  form  of  si  thin  film  or  menibrauous  layer — *'  my- 
codenna '' — while  others  are  distributed  uniformly  throiigh  the  liquid, 
rendering  it  upjdosceut  or  more  or  less  milky  and  opaque ;  others, 
again,   form  little  fiocculi  which  are  suspended  in  the  transparent 
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fluid.  Usually,  when  active  gn)wth  has  ceased,  the  bacteria  fall  to 
the  bottom  of  the  tube  as  a  mtire  or  less  abundant,  white  or  colore<l, 
pulverulent  or  glutinous  dei)osit.  In  some  cases  the  liquid  is  colored 
with  a  soluble  pigini'ut  formed  during  tho  growth  of  the  bacteria, 
and  usually  this  is  forrntnl  most  abundantly  at  the  surface,  wher© 
tliere  is  free  access  of  oxygeiu  The  rt»action  of  the  ineilium  is  often 
change«l  as  a  result  of  the  growtli  of  Itacteria  in  it.  From  being  neu- 
tral it  may  l)ecome  dwidedly  alkaline  or  acid  in  its  reaction.  These 
changes  may  be  t>bserved  by  mlding  a  litmus  st)lutir»n  before  sterili- 
zation of  the  culture  metlium,  and  observing  the  change  of  color 
when  an  acid-producing  bacteiium  is  under  cultivation.  The  n- 
ducing  iMtwer  i»f  bacteria  u|Kin  various  aniline  colors  may  also  be 
studied  ;  also  their  power  to  break  up  various  organic  substances,  as 
shown  by  the  evolution  of  gas  or  <.>ther  volatile  products  which 
may  Ih?  collected,  or  by  substances  which  remain  in  solution  and 
can  l>e  si  udie<l  by  ordinary  chemical  methods. 

Dnip  Cultures. — When  we  desire  to  study  the  life  historj-  of  a 
micTo<»rganism  and  to  witness  its  development  f rom  spore.s,  for  ex- 
ample, its  motions,  etc.,  the  method  of  cidtivation  in  a  hanging  drop 
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of  culture  fluid,  attached  to  h,  thin  g'tasg  cover  and  suspended  over  a 
circular  excavation  gnmnd  out  of  a  glass  slide,  is  very  useful. 
Such  a  drop  culture  may  lie  left  under  the  microscope  and  kept 
under  observatiou  for  hours  or  days. 

In  making  these  drop  cultures  it  is  necessary  to  sterilize  the  glass 
slides  and  thin  glass  covers  by  heat,  and  to  take  every  precaution  to 
prevent  the  in<KJulation  vf.  the  drop  of  culture  liijuid  with  any  other 
bacteria  than  those  which  ai-e  to  be  studied. 

The  simplest  form  of  moist  chamber  for  drop  cultures  consists  nf 
an  ordinary  glass  slide  having  a  concave  depression,  alx>ut  fifteen 
milhmetres  in  diameter,  ground  out  in  ita  centre.  This  and  the  thin 
glass  cover,  having  l>een  sterilizetl  by  exposure  in  the  hot-air  oven  at 
150"  C.  for  an  hoar  or  more,  or  by  jwissing  them  through  the  flame 
of  an  alcohol  lamp,  are  remly  for  us<>.  The  cover  glass  is  held  in 
sterile  forceps,  and  a  little  drop  of  the  cultui'e  fluid  containing  tln' 
bacterium  to  be  studietl  is  tratisferretl  to  its  centre  by  means  of  tlie 
platinum  loop  heretofore  deserilied.  It  is  best  to  spread  the  drop 
out  as  thin  as  possible,  and  it  may  be  inoculated,  from  a  pure  cul- 
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with  a  platinum  needle  (Fig,  ;3<".)  after  it  has  txx-n  pla<-ed  upon 

hcover.  This  is  then  inverted  over  the  hollow  place  in  the  ghiHS 
slide,  and  it  is  customary  to  prevent  the  entrance  t>f  air  and  iittach 
the  cover  by  spreading  a  little  vaiieline  around  the  margin  of  the 
excavation. 

Another  form  of  moist  chamber  is  made  by  attaching  a  glass 
ring,  having  parallel,  ground  surfaces,  to  the  centre  of  a  glass  slide 
by  a  suitable  cement. 

In  Ranvier's  moist  chamlx»r  there  is  a  central  eminence  sur- 
rounded by  a  gi'oove  ground  into  the  glass  slide,  and  the  droj)  of 
culture  fluid  is  in  contact  witli  a  p<ilished  glass  surface  Inflow  as  well 
as  above.  This  affords  a  more  satisfactory  view  under  the  micro- 
scope. 

The  Author's  Culture  Method. — In  a  f»aper  i-ead  at  the  meeting 
of  the  American  A8st>ciation  for  the  Advancement  of  Science,  in 
August,  l<i81,  the  writer  deserilied  a  metlnxl  of  conducting  culture 
experiments  which  he  has  since  useil  extensively  and  with  very  satis- 
factory results.  The  liquid  culture  medium  is  preserved  in  little  flasks 
having  a  long  neck  which  is  hermetically  si^aled.  The  principal  ad- 
vantages connected  with  the  use  of  these  little  flasks,  or  ^*  Stem- 
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berg-'s  bulbs,"  as  they  are  Bometimes  called,  are  that  a  culture  me- 
dium may  bo  preserved  in  them  indefinitely  and  that  they  are  easily 
transported  from  pUit-e  to  place;  whereaa  test  tulws,  Pasteur's  flasks, 
and  similar  receptacles  must  be  kept  upright,  and  after  a  time  the 
culture  liquid  in  them  is  chanp^ed  in  its  comjiosition  by  evaj)oration. 
They  are  also  liable  to  be  contnininated  by  the  entrance  of  mould 
fungi  when  kept  iu  a  damp  place.  The  Bpores  of  these  fungi,  falling 
upon  the  surface  of  the  cotton  air  filter,  genuinate,  and  the  myce- 
lium grows  down  throiigli  the  cotton  into  the  interior  of  the  tube, 
where  a  new  crop  of  spores  is  quickly  formed.  It  is,  therefore,  a 
convenience  to  have  sterile  culture  li«]uid8  always  ready  for  use  in 
a  receptacle  which  can  be  packed  in  a  box  and  traus|>orted  from 
place  to  place  ;  but  for  every -day  use  in  the  laboratory  the  ordinary 
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test  tube,  with  its  cotton  air  filter,  is  the  most  economical  and  conve- 
nient receptiwle  for  culturt>  liquids  as  well  as  for  solid  media.  With 
reference  to  the  method  of  making  and  using  these  little  flasks,  I 
quote  from  a  jmper  published  hi  the  Aniericaii  Journal  of  the 
Medical  Sciences  in  1883  :' 

The  culture  flasks  employed  contnin  from  one  iO  four  fluidrachmft. 
Tliey  ure  mnde  fruui  glass  tubiiif;  of  three-  or  four  tenths  inch  diameter,  and 
those  wliicli  the  writer  hiw  used  in  liis  numenjus  exi^erinients  have  all  been 
"  home-made."  It  in  easier  to  maki'  lunv  Ihisks  than  to  clean  old  ones,  and 
they  are  thrown  away  uftcr  tieing  oucti  useti.  Bellows  operated  by  foot,  and 
a  Kanic  of  considerable  size — jfas  is  preferable — will  be  miuired  by  one  who 
pro|K>ses  to  construct  tliese  little  tlask*  for  himself.'  After  a  little  practice 
tliey  are  made  rapidly;  but  an  a  lai^fe  number  are  required,  the  time  and 
labor  exoended  in  their  preparation  are  no  sli)y^ht  matter.  After  blowing  a 
bulb  at  the  extremity  of  a  long  ^lass  tub«*,  of  llie  diameter  meutione<l,  tnia 
is  provided  with  a  slender  neck,  drawn  out  in  the  llauie,  and  tiie  end  of  this 

'  "  The  Germicide  Value  of  Certaio  Therapeutic  Agents,"  op.  cit.,  vol.  dzx. 
*  A  glaas-blower  ought  to  make  them  for  two  or  three  dollars  per  hundred. 
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is  hermetically  sealed.  Thus  one  little  flask  after  another  is  made  from  the 
same  piece  of  tubing  until  this  becomes  t<>o  short  for  further  use.  To  intro- 
duce a  culture  liquid  into  one  of  these  little  tlask.s.  heat  the  bulb  slightly, 
break  otf  the  sealed  exti-einity  of  the  tube  and  plunge  it  beueath  the  surface 
of  the  liquid  (Fig.  37).  The  quantity  which  enters  will  of  coui-se  depend 
upon  tlie  neat  emphii^'ed  and  the  consequent  rarefaction  of  the  enclosed  air. 
Ordinarily  the  bulb  is  filled  to  about  one-third  of  its  capacity  with  tlie  cul- 
ture liquid,  leaving  it  twolhird.s  full  of  air  for  the  use  of  the  microscopic 
plants  which  are  to  be  cultivated  in  it.  .  .  .  Sterilization  is  effectetl  by  heat 
after  the  liquid  has  been  introduce<l  and  the  neck  of  the  liask  hermetically 
sealed  in  the  flame  of  an  alcohol  lamp. 

Sterilizatiou  may  be  effected  by  boiling  for  an  hour  in  a  bath  of  paraflia 
or  of  concentrated  salt  solution,  by  which  a  temperature  considerably  above 
that  of  boiling  water  is  secured.  The  writer  is  in  the  habit  of  preparing  a 
considerable  numt>er  of  these  flasks  at  one  time,  and  leaving  them,  in  a  suit- 
able vessel  filled  with  water,  for  twenty  four  hours  or  longer  on  the  kitchen 
stove. ' 

To  inoculate  the  liquid  contained  in  one  of  these  little  flasks  with  mi- 
croorganisms from  any  source,  the  end  of  the  tube  is  first  heated  to  desti-oy 
germs  attached  to  the  exterior;  the  extremitj'  is  then  broken  ott"  with  steril- 
ized (by  heat)  forcejw:  tlie  bulb  is  verj'  gently  heated,  so  as  to  force  out  a 
little  air,  and  the  open  end  is  plunged  into  the  liquid  containing  the  organ- 
ism to  be  cultivated  (or  into  a  vein,  or  one  of  the  solid  viscera  of  au  animal 
dead  fix>m  an  infectious  germ  disease,  such  as  anthrax). 

luoculattou  from  one  tube  to  another  may  also  be  effected  by  means  of 
the  ordinary  platinum  wire  needle. 

Before  the  introduction  of  Koch's  plat<?  method  for  isolating  bac- 
teria in  pure  cultures,  certain  methods  had  been  proposed,  and  em- 
ployed to  some  extent,  which  at  present  have  a  historical  value  only. 

Thus  Klebs  (1.S73)  proposed  to  take  fnmi  a  first  culture  in  which 
■  two  or  more  species  were  a.ssociated  a  minute  quantity,  by  means  of  a 
capillarj'  tube,  and  \vith  this  to  inoculate  a  second  culture.  By  re- 
peating this  procetlure  several  times  he  expected  to  exclude  all  except 
the  species  which  was  present  in  the  greatest  abuu<lauce  and  which 
multiplied  mo.'^t  rapidly  in  the  metlium  employed. 

The  rtH'thixl  bij  dihdinn,  first  employed  %vith  pi-ecisionby  Brefeld 
(1873)  in  obtauiing  pure  cultures  of  mould  fungi,  and  subsequently 
by  Lister  for  the  isolattou  of  bacteria,  consists  in  ho  diluting  a  minute 
quantity  of  the  inixe<l  culture  that  the  number  of  bacteria  in  the  dilu- 
tion may  lie  less  than  one  for  each  drop  of  the  licjuid.  If  now  a 
single  drop  !«?  added  to  each  of  a  series  of  tubes  containing  a  small 
quantity  of  sterile  bouillon,  some  of  the  inoculations  made  may  give 
a  pure  culture,  as  the  drop  may  have  contained  but  a  single  vege- 
tative cell. 

Another  method  of  obtaining  a  pure  culture  in  liquid  media,  when 
aeveral  microorganisms  are  aasociated  which  have  a  different  ther- 

'  Where  a  steam  ateri lister  Is  at  hand  they  will  be  moat  conveniently  sterilized  in 
the  usual  way,  by  subjecting  them  to  the  boiling  temperature  for  aa  hour  at  a  time 
on  three  successive  days. 
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mal  death-point,  consists  in  the  application  of  heat  and  thus  destroy- 
ing all  except  the  most  resistant  species.  This  method  is  especially 
applicable  when  one  of  the  species,  only,  forms  spores.  By  subject- 
ing the  mixed  culture  to  a  temperatiu^e  which  is  sufficient  to  destroy 
all  the  vegetative  cells  in  it,  the  more  resistant  spores  are  left  and, 
^^  under  favorable  conditions,  may  subsequently 

^  vegetate  and   give  us  a   pure  culture  of  the 

species  to  which  they  belong. 

Fermentation. — The  development  of  certain 
bacteria  is  attended  with  an  evolution  of  gas, 
especially  in  media  containing  grape  sugar  or 
/^  \  glycerin.  Fur  the  determination  of  the  quantity 
'  and  kind  of  gas  produced  by  a  given  micro- 
K»A  \  — '-^^  organism  the  fermentation  tube  recommended 
by  Theobald  Smith  has  special  advantages. 
This  is  a  bent  tube  (Eihom's)  supported  upon 
a  glass  base  as  shown  in  the  accompanying' 
figtu-e  taken  from  the  catalogue  of  Eimer  & 
Amend.  The  graduation  shown  upon  the  up- 
right arm  is  not  essential  for  ordinary  labora- 
torj-  work.  A  liquid  ciilture  medium  containing 
one  to  two  per  cent  of  grape  sugar  is  usually 
usetl.  This  is  introdupe<l  into  the  upright  arm 
of  the  fermentation  tube,  where  it  is  held  by  atmospheric  pressure. 
A  cotton  plug  is  placed  in  the  opening  of  the  short  and  bulbous  arm 
of  the  tube,  which  is  intended  as  a  receptacle  for  the  culture  liquid 
when  it  is  forced  out  of  the  closed  arm  by  the  accumulation  of  gas  at 
its  upper  extremity. 
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Thr  introduction  of  solid  culture  media  in  1881  by  the  famous 
German  bacteriologist,  Robert  Koch,  inaugurated  a  new  era  in  the 
progress  of  our  knowledge  relating  to  the  bacteria.  His  methods 
enable  ua  to  obtain  pure  cultures  with  ease  and  certainty,  and  to 
study  the  morphological  and  biological  characters  of  eiu-h  i*ix»cit's 
free  from  the  complicatit)n8  which  led  to  so  much  error  and  conf  U!<ion 
before  these  methods  were  introduced.  We  have  already  given  an 
account  of  the  method  of  jjn^paring  and  nterilizing  the  various  sohd 
culture  media,  and  are  here  eimcemed  with  the  mamier 
in  wliich  they  are  used  and  the  special  advantages  which 
they  afford. 

Koch's  flesh-peptone-gelatin,  which  contains  ten  per 
cent  of  gelatin,  is  a  transparent  jelly  which  liquefies  at 
from  22°  to  24'^  C.  It  is  a  favorable  culture  mwlium  for 
a  great  number  of  bacteria,  and  many  njxH'ies  show  de- 
finitei  characters  of  growth  tn  this  medium  which  serve  to 
differentiate  them.  One  of  the  most  prominent  of  these 
characters  depends  upon  the  ftix't  that  some  bacteria  litjuefy 
gelatin  and  others  do  not.  This  is  made  apparent  when 
we  make  ,'^fick  cult  urea — also  called  "stab  cultures." 
This  is  the  usual  manner  of  inocidating  a  sohd  culture 
medium,  and  is  inustra+ed  in  Fig.  39.  A  platinum  needle, 
consisting  of  a  piece  of  platinum  wire  inserted  into  a  glass 
rod  which  serves  as  a  handle,  is  passed  through  the  flame 
of  an  alcohol  lamp  to  sterihzo  it.  When  cooled,  which 
occurs  very  quickly,  the  jxjint  is  intnxluced  into  the  ma- 
terial containing  the  bacteria  to  be  planted  in  the  gelatin 
mediam.  We  may  obtain  our  seed  for  a  pure  culture 
from  a  single  colony,  from  another  stick  cultui-e,  from  the 
blood  of  an  infected  animal,  etc.  The  jwint  of  the  needle  is  then 
carried  into  the  sterilized  jelly,  as  shown  in  the  figure,  care  being 
taken  to  introduce  it  in  the  central  Une  and  in  a  direction  parallel 
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with  the  sides  of  tiie  tube.  It  is  Ijest  always  to  hold  the  tube  in- 
verttwl  during  the  inDCulation,  and  not  to  remove  the  cotton  air  filter 
until  we  are  reatly  to  make  it.  The  cotton  plugr  is  then  returned  to 
its  place  and  the  platinum  needle  ajfain  brought  to  a  red  heat  to 
destroy  any  bat;teria  which  remain  attached  to  it. 

Sometimes  it  is  an  advantage  to  have  the  culture  medium  with  a 
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sloping  surface,  as  shown  in  Fig.  40.    We  may  then  draw  the  nee- 
dle over  the  surface  in  a  longitudinal  direction,  and  by  this  meanft 
distribute  the  seed  in  a  line  along  which  development  will  take  plao& 
The  characters  of  growth  in  these  stick  cultures  in  gelatin  are 


ver>-  Tarious.  Non-liquefying  bacteria  may  grow  only  on  the  sur- 
face, as  at  a.  Fig.  40a;  or  both  on  the  surface  and  along  the  line 
of  puncture,  as  at  b;  or  only  at  the  bottom,  as  at  c.  In  the  first 
ease  the  microiirganisin  is  aerobic — that  is,  it  requires  oxygen,  and 
groMTs  ordy  in  the  presence  of  this  gas.  In  the  second  case  it  ia 
not  strictly  aerobic,  but  may  grow  either  in  the  presence  of  oxygen 
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or  in  its  absence — a  fantltatitie  anaerobic.  In  the  third  case  the 
microorganism  in  an  anaerobic,  which  cannot  grow  in  the  presence 
of  oxygen,  and  consequently  does  not  grow  upon  the  surface  of  the 
culture  medium  or  along  the  upper  portion  of  the  line  of  puncture. 

Again,  we  have  differences  as  to  the  character  of  growth  upon  the 
surface  or  along  the  line  of  puncture.  The  surface  growth  may  be 
a  Uttle  mass  piled  up  at  the  point  where  the  needle  entered  the  gela- 
tin ;  or  it  may  form  a  layer  over  the  entire  surface,  and  this  may 
be  thin  or  thick,  dry  or  moist,  viscid  or  cream-like,  and  of  various 
colors — green,  blue,  red,  or  yeUow,  of  different  shades— or  more  fre- 
quently of  a  milk-white  color. 
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The  growth  along  the  line  of  puncture  also  differs  greatly  with 
different  species.  We  may  have  a  number  of  scattered  spherical 
colonies  (a,  Fig.  41),  and  these  may  be  translucent  or  opaque  ;  or  we 
may  have  little  tufts,  like  moss,  projecting  from  the  line  of  puncture 
(ft,  t^g.  41) ;  or  slender,  filamentous  branches  may  grow  out  into  the 
gelatin  (c,  Fig.  41). 

The  liquefying  bacilli  also  present  different  characters  of  growth. 
Thus  hquefaction  may  take  place  all  along  the  line  of  puncture, 
forming  a  long  and  narrow  funnel  of  licjuefied  gelatin  (a.  Fig.  42)  ; 
or  we  may  have  a  broad  funnel,  as  at  b  ;  or  a  cup-shaped  cavity,  as 
at  c;  or  the  upper  liquefied  portion  may  be  separated  from  that 
which  is  not  liquefied  by  a  horizontal  plane  surface,  as  at  d. 
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The  characters  of  growth  in  agar-agar  jelly  are  not  so  raried, 
but  this  medium  iKJssesses  the  advantage  of  not  liquefying  at  a  tem- 
perature of  35"  to  38°  C,  which  is  required  for  the  development 
certain  pathogenif  bacteria.  Variations  in  mode  of  growth 
also  manifested  in  nutrient  agar  similar  to  those  referred  to  as  pro- 
duced by  non-Uquefj'ing  bacteria  in  flesh-peptone-gelatin.  These 
relate  to  the  surface  growth  and  t<i  growtfi  along  the  line  of  punc- 
ture. One  character  not  heretofore  mentioned  consists  in  the  for- 
mation of  gas  bubbles  in  stick  cultures  either  in  gelatin  or  agar. 

Colonies. — If  we  melt  the  gelatin  or  agar  in  a  test  tulM>.  pour 
the  liquid  medium  into  a  shallow  glass  dish  previously  8terilize<l, 
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and  allow  it  to  cool  while  properly  protected  by  a  gla.>w  cover,  vre 
will  have  a  broad  surface  of  sterile  nutrient  materiaL  If  now  we  ex- 
pose it  to  the  air  for  ten  or  fifteen  minutc*i,  and  again  cover  it  and 
put  it  aside  for  two  or  three  days  at  a  favorable  temperature,  we  can 
scarcely  fail  to  have  a  number  of  colonies  upon  the  surface  of.  the 
culture  medium,  which  have  been  develojKMl  fmm  atmospheric  germs 
which  were  depositetl  upon  it  during  the  exjxisure.  Each  of  these 
oolonies,  as  a  rule,  is  developed  from  a  single  bacterium  or  Bpore, 
and  consequently  the  little  mass,  ^'i9ible  t4>  the  naked  eye,  which  we 
call  a  colony,  is  a  pure  culture  of  a  jwrticular  sijecies.  In  this  ex- 
periment we  are  more  apt  to  have  colonies  of  mould  fungi  than  of 
bacteria,  but  the  principle  is  the  fMune,  viz.,  that  a  colony  developed 
from  a  tdngle  germ  in  a  pure  culture.     By  touching  our  platmtu& 
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needle,  then,  to  such  a  colony,  which  is  quite  independent  of,  and 
well  separated  from,  all  others,  we  may  make  a  stick  culture  in  gela- 
tin or  agar,  and  preserve  the  pure  culture  for  further  study.  This 
is  a  most  important  advantage  which  pertains  to  the  use  of  solid 
culture  media.  It  is  a  singular  fact  that,  as  a  rule,  colonies  of  bac- 
teria which  lie  near  each  other  do  not  grow  together,  but  each  re- 
mair^  distinct.  If  there  are  but  few  colonies,  each  one,  having 
plenty  of  room,  may  grow  to  considerable  size  ;  if  there  are  many 
and  they  are  crowded,  they  remain  small,  but  are  still  independent 
colonies. 

Now,  these  colonies  diflfer  greatly  in  their  appearance  and  char- 
acters of  growth,  according  to  the  sjiecies  (Fig.  43).  Some  are 
spherical,  and  these  may  be  translucent  or  opaque,  or  they  may  have 
an  opaque  nucleus  surrounded  by  a  transparent  zone.     Again,  the 
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outlines  may  be  irregubir,  giving  rise  k)  amrfiba-like  forms,  or  to  a 
fringed  or  plaited  margin,  or  the  form  may  be  that  of  a  rosette,  etc.  ; 
or  the  colony  may  appear  to  be  made  up  of  overlapping  scales  or 
masses,  or  of  tangled  filaments ;  or  it  may  present  a  Ijninching 
growth.  In  the  case  of  liiiuefjnng  bacteria,  when  the  colonies  have 
developed  in  a  gelatin  metlium  they  commonly  do  not  at  once  cause 
liquefaction  of  the  gelatin,  but  at  tho  end  of  tweuty-four  hours  or 
more  the  gelatin  about  them  ciwniuences  to  lic^uefy  and  they  are 
seen  in  a  Uttle  funnel  of  transparent  liquefied  gelatin ;  or  in  other 
cases  Uttle  opaque  dr«»ps  of  Ittjut'lied  gelatin  are  seen,  which,  as  the 
licjuefaction  extends,  run  together.  All  of  tlieso  characters  are  best 
studied  under  a  low-power  lens,  with  an  araplifictition  of  five  to 
twenty  diameters  ;  and  by  a  careful  observation  of  the  differences  in 
the  form  and  development  of  colonies  we  are  greatly  assisted  in  the 
ilifferentiation  of  species. 

Single,  isolated  colonies  do  not  alwayn  contain  a  single  species, 
for  they  are  not  always  developtiil  from  a  single  cell.    We  may  have 
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depogited  upon  our  plute,  exp«wed  Hn  above  deticribed,  a  little  vaag» 
of  urg}inic  mnterial  containing  two  or  more  different  bacteria,  and 
this  would  serve  as  the  nucleus  of  a  colony  from  which  we  could  not 
obtain  a  pure  culture. 

Koch's  Plate  Method. — In  the  ext)eriment  above  described, 
colonies  were  obtained  from  air-lx»me  germs  which  were  deposited 
u{H)n  the  surface  i>f  our  gelatin  medium.  By  KiK-h's  famous  "  plate 
method  "  we  obtain  colonies  of  any  particular  microorganism  which 
we  desire  to  stud}-,  or  of  two  or  more  associated  bacteria  which  we 
desire  to  study  separately  in  pure  cultures.  Exidently,  when  we 
have  obtained  separate  cohinies  of  different  bacteria  ujxjn  the  sur- 
face of  a  solid  culture  medium,  we  can  easily  obtain  a  pure  culture 
of  em'h  by  inoculating  stick  cultures  from  single  colonies. 

To  obtain  separate  colonies  we  resort  to  the  ingenious  method  of 
Ktx'h.  Three  test  tuWs  cfmtaining  a  small  quantity  of  nutrient 
gelatin  (or  of  agar)  are  couunoidy  employed.  The  tubes  are  num- 
bered 1,  "J,  an<l  :i.  The  first  stop  consists  in  liquefying  the  nutrient 
jelly  by  heat,  and  it  mil  he  well  for  iK^ginners  to  place  the  tubes  in 
a  water  bath  having  a  temixjrature  of  about  40°  C.  (104°  F.)  for  the 
purpose  of  kt'eping  the  culture  material  litpiid,  and  at  the  same  time 
at  a  tem^terature  which  is  not  high  enough  to  de.stroy  the  vitality  of 
the  biicteria  which  are  to  l>e  planted.  We  next,  by  means  of  a 
platinum-wire  liwp  or  the  platinum  ntinlle  used  for  stick  cultures, 
introduce  into  tube  No.  I  a  small  amoimt  of  the  culture,  or  material 
from  any  source,  containing  the  bacteria  under  investigation.  Csuw 
must  be  taken  not  to  introduce  tot*  much  of  this  material,  and  it 
must  be  rememtered  that  the  smallest  visible  amount  may  contain 
many  millions  of  bacteria.  The  reason  for  using  three  tubes  will 
now  be  apparent.  It  is  usually  impressible  to  intnxluce  a  few  bac- 
teria into  tube  No,  1,  but  we  effect  our  object  by  dilution,  as  follows  : 
With  the  platinum-wire  loop  we  take  up  a  minute  drop  of  the  fluid  in 
tube  No.  1,  thniugh  which  the  biicteria  have  Ixh^'u  distributed  by 
stirring,  and  carry  it  over  to  tube  No.  2.  Washing  off  the  drop  by 
stirring,  we  may  rejieat  this  a  second  or  third  time — this  is  a  matter 
of  judgment  and  experience ;  often  it  will  suffice  to  carry  over  h 
single  ose  (the  German  name  for  the  platinum-wire  loop).  Next 
we  carrj'  over  one,  or  two,  or  thrt«  ose  from  tube  No.  2  to  tube  No. 
3.  By  this  procedure  we  commonly  succeed  in  so  reducing  the  num- 
ber of  bacteria  in  tube  No.  3  that  only  a  few  colonies  will  develop 
upon  the  plate  which  we  subsequently  make  from  it;  or  it  may  happen 
that  the  dilution  has  been  carried  too  far  and  that  no  colonies  de- 
velop upon  the  plate  made  from  this  tube,  in  which  case  we  are 
likely  to  get  what  we  want  from  tulie  No.  i.  The  next  step  is  to 
pour  tlie  liquid  gelatin  upon  sterilized  glass  plates,  which  are  num- 
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bered  to  correspond  with  the  tubes.  The  plates  used  by  Koch  are 
from  eight  to  ten  centimetres  wide  and  ten  to  twelve  centimetres 
long.  They  must  be  carefully  cleaned  and  sterilized  in  the  hot-air 
oven,  at  150*  C,  for  two  hours.  They  may  be  wrapped  in  paper  be- 
fore sterilization,  or  placed  in  a  metal  box  especially  made  for  the 
purpose.  In  order  that  the  liquid  gelatin  may  be  evenly  distributed 
upon  the  plate  the  apparatuH  shown  in  Fig.  44  is  used.  This  con- 
sists of  a  glass  plate,  tj,  supported  by  a  tripod  having  adjustable  feet. 
By  means  of  the  spirit  level  /  the  glass  plate  is  adjusted  to  a  hori- 
zontal position.  A  sterilizetl  glat^  plate  is  placetl  in  the  glass  tray, 
shown  in  the  figure,  and  the  gelatin  from  one  of  the  tubes  is  care- 
fully poure<l  upon  it  and  distributed  uinm  it.s  surface  with  a  steril- 
ized glass  rod,  care  being  tfiken  not  to  bring  it  t<Mj  near  the  edge  of 
the  plate.  The  glass  tray  in  then  covered  until  the  gelatin  has 
cooled  sufficiently  to  become  solid,  after  which  plate  No.  1  is  re- 
moved and  plates  Nos.  2  and  3  are  made  in  the  same  way.     In 


FlO.  44. 


order  to  save  time  it  is  customary  to  fill  the  glass  tray  shown  in  the 
figure  with  ice  water,  to  place  a  second  glass  supix^rt  uptm  it,  and 
upon  this  the  sterilized  glass  plate  upon  which  the  liiiuid  gelatin  is 
poured.  This  is  protected  by  a  glass  cover,  as  before,  until  the  gela- 
tin becomes  solid. 

The  three  plates,  prepared  as  directetl,  are  put  aside  in  a  glass 
jar  of  the  form  shown  in  Fig.  44,  one  being  supported  above  the 
other  by  a  bench  of  sheet  zinc  or  glass. 

Petri's  Dt.shp,s. — A  mwlification  of  the  plate  method  of  Koch, 
which  has  some  advantages,  consists  in  the  use  of  three  small  glass 
dishes  of  the  same  form  as  the  larger  ono  used  by  Kuch  to  cont^un 
the  plates.  These  dishes  of  Petri  are  about  ten  to  twelve  centime- 
tres in  diameter  and  one  ta  1..5  centimetres  high,  the  cover  Ijeing  of 
the  same  form  as  the  dish  into  which  the  gelatin  is  poured.  These 
dishes  take  less  room  in  the  incubating  oven  than  the  larger  glass 
jar  used  in  the  plate  method,  and  they  do  not  reijuire  the  use  of  a 
levelling  apparatus.  The  colonies  also  may  be  exanTinetl  and 
counted,  if  desired,  without  removing  the  cover,  and  consequently 
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without  tLe  exposure  which  occurs  when  a  plate  prepared  by  Koch's 
methcxi  i»  under  examination. 

I»  agar-a^ir  cultures  nr  in  gelatin  culturesi  of  non-liquefj'ing' 
bacteria  made  in  Petri's  dishes,  we  may  examine  and  count  colouiets. 
witlumt  removing'  the  cover,  by  inverting  the  dish. 

In  jKturing  the  liquefied  gelatin  from  the  test  tubes  in  which  the 
dilution  Iihs*  l»t'en  made  into  sterilized  Petri's  dishes,  care  must  be 
taken  to  first  sterilize  the  lip  of  the  test  tul»e  by  passing  it  through 
the  flame  of  a  tamp.  We  may  at  the  same  time  bum  off  the  top  of 
the  cotton  plug,  then  remove  the  remaining  portit)n  ^vith  forceps, 
when  the  lip  has  cooled,  for  the  purptwe  of  pouring  the  liquid  into  the 
shallow  dish. 

Von  Esniarch's  Roll  Tubes. — Another  very  useful  modification 
of  Koch's  plate  meth(nl  is  that  of  von  Esmarch,  Instead  of  {touring 
the  liquetie<l  gelatin  or  agar  medium  upon  plates   or  iu  shallow 
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dishes,  it  is  distrilmtwl  in  a  thin  layer  uiK)n  the  walls  of  the  test  tube 
containing  it.  This  is  done  by  rotating  the  tube  uj>on  a  bhx'k  of  ice 
or  in  iced  water.  Esmarch  first  usetl  a  tray  containing  iced  water, 
and  to  prevent  the  wetting  of  the  cotton  filter  a  cap  of  thin  rublter 
was  place<l  ovt-r  the  end  of  the  tul>e.  It  is  more  convenient  to  turn 
the  tubes  ujton  a  bUx^k  of  ice  having  a  hurizoiital  flat  surface,  in 
which  a  shalli>w  gro<jve  is  first  made  by  means  of  a  test  tube  con* 
tiiining  hot  water  (Fig.  45).  Or,  in  the  winter,  we  may  turn  the 
tulte  under  a  stream  of  cold  water  from  the  city  supply — i.e.,  fnun  a 
faucet  in  the  laboratorj-.  A  little  practice  will  enable  the  student  to 
distribute  the  culture  medium  in  a  uniform  layer  on  the  walls  of  the 
test  tulx?,  and  as  soon  as  it  is  quite  solidifietl  these  may  be  placwl 
aside  for  the  devehipment  of  colonies  from  the  bacteria  which  biul 
Iti-en  hjtriHliu'«sl.  ^^^len  roll  tubes  are  nuwle  from  the  agar  jelly  it  i» 
best  to  i»lace  the  tul)e«  in  a  nearly  horizontal  ixwition,  for  if  placed 
upright  at  once  the  film  of  jelly  is  likely  to  slip  from  the  walls  of  the 
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tube.  This  is  due  to  the  fact  that  a  little  fluid  is  pressed  out  of  the 
jelly,  probably  by  a  slight  contraction  while  cooling.  If  the  tubes 
are  slightly  incHneil  from  the  horizontal  the  film  does  not  slip  and 
the  tluid  accumulates  at  the  bottom.  After  a  day  or  two  they  may 
Ije  places!  in  an  upright  position. 

These  roll  tul)e8  possess  several  atU'antages.  They  are  quickly 
made  and  take  but  little  space  in  the  incubating  oven,  and  the  film 
of  jelly  is  protectetl  from  contamination  by  atmospheric  germs. 
When  colonies,  have  formed  we  may  examine  them  through  the  thin 
walb  of  the  tube,  eitlier  with  a  ptK-ket  lens  or  a  U>w-j)ower  objective. 
In  inatdug  a  stick  culture  from  a  single  colony  in  one  of  these  roll 
tubes,  we  invert  the  tul>e.  remove  the  cottfjii  air  filter,  and  j)ass  the 
point  of  a  .sterilized  platinum  netnlle  up  tu  the  selected  colony.  In 
the  same  way  wo  obtain  mHteiial  for  microscopical  examination. 

Streak  Cultnrea. — In  his  earlier  exjjeriments  with  solid  culture 
media  Koch  made  "streak  cultuivs  "  by  drawing  the  jwint  of  a  plati- 
innn  needle,  charged  with  biR-teria,  uver  the  surf}u.'e  of  a  gelatin  or 
agar  plate  ;  and  this  methinl  is  still  useful  in  certain  cases.  If  we 
draw  the  needle  over  the  moist  surface  several  times  in  succession 
the  greater  numlier  of  bai'teria  will  be  doposit^nl  in  the  first  streak, 
and  in  the  second  or  third  single  cells  are  likely  to  be  left  at  such 
intervals  from  each  other  that  each  will  develop  an  independent 
colony.  If  the  streaks  were  mmle  with  impure  stock  we  nuiv  thus 
succeed  in  getting  separate  colonies  of  the  several  bacteria  contained 
in  it.  so  that  this  metliod  may  Ije  eiuplo^'ed  for  obtaining  pure  cul- 
tures. But  for  this  purfmse  it  is  much  inferior  to  the  plate  method, 
and  it  is  chietlj'  used  for  observing  the  gi'owth  of  bacteria  on  the  sur- 
face of  solid  cultiu-e  media.  Thus  we  cumnionly  make  a  streak  upon 
the  surface  of  cooked  potato  or  solidified  blood  serum  in  studying  the 
development  of  various  IwicterJa  on  tluwe  culture  media. 

I'nUurefi  vpott  IHixtd  St'rttin. — The  use  of  IjIikkI  st^rum  as  a 
solid  medium  is  practically  restricted  to  stick  cultures  and  .streak 
cultures,  for  we  cannot  substitute  it  for  the  gelatin  and  agar  media 
in  making  plates  and  roll  tubes.  This  ih,  lierause  it  onlj-  bec<^nnes  solid 
at  a  temperature  which  would  be  fatal  to  most  bacteria  {7<}°  C),  and 
when  once  made  solid  by  heat  cannot  again  be  liquefied.  Its  use  is, 
therefore,  restricted  mainly  to  the  cultivation  of  bacteria  for  which 
it  is  an  especially  fa\\)ral>le  me<lium.  It  may  be  used,  however,  in 
combination  with  a  gelatin  or  agar  me*lium.  Ft>r  this  purpose  it  is 
most  conveniently  kept  in  a  fluid  condition  in  the  little  flasks  hereto- 
fore described  ("'  Sternl>erg's  bulbs  "). 

The  gelatin  or  agar  jelly  in  te.st  tube.s  is  liquefietl  by  heat  and 
coole<l  in  a  water  bath  to  about  4ft'  C.  The  desii-eil  aniount  of  ste« 
rile  blood  senun  is  then  forced  into  each  tiilw  by  |>assing  the  slender 
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neck  of  the  little  flask  along  the  side  of  the  cotton  filter  (see  Fig.  46) 
and  applyiup:  gentle  heat  to  the  bulb.  The  slender  neck  ia  first  ste- 
rilized by  passing  it  through  a  Aame,  and  the  point  is  broken  off 
with  sterile  forceps.  After  inoculating  the  liquefied  medium  in  the 
test  tubes  in  the  UHual  manner  we  may  make  plates  or  roll  tubes. 

Cultures  fni  Cooked  Potato. — The  inetho<l  of  preparing  pota- 
toes for  surface  cultures  has  already  been  given  (page  48).  It  iwas 
in  using  them  that  Koch  first  got  his  idea  of  the  importance  of  solid 
media,  which  letl  to  his  intrtnluction  of  the  use  of  gelatin  and  agar- 
agar  and  the  invention  of  the  plate  method.    By  means  of  Btrtftik 
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cultures  upon  potato  ho  ha<l  succecdftl  in  obtaining  isolated  colonies 
and  pure  cultures.  We  now  usi<  the  jxitato  chiefly  for  the  purpose 
of  differentiating  species.  Some  liacteria  grow  on  the  surface  of 
cooked  pittato  and  some  do  not.  Those  which  do  present  various 
characttTB  of  growth.  Thus  we  have  diflferences  as  to  color,  a»  to 
mpidity  of  growth,  an  t<>  the  character  of  the  ma«8  formed — tliick 
or  thin,  viscid,  moist  or  drj',  restricted  to  line  of  inoculation  or  ex- 
tending over  the  entire  surface,  etc. 

Instead  of  using  a  cut  section  of  the  potato  in  the  manner  here- 
tofore described,  we  may  make  a  puree  by  mashing  the  peeled  and 
cookeil  tubers  and  distributing  the  mass  in  Erlenmeyer  flasks.    After 
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thorough  sterilization  by  steain  the  culture  mediimv  is  reatlj'  for  use. 
Ill  the  same  way  other  vegetables,  or  breswl,  etc.,  may  be  used  for 
special  purposes,  and  especially  fur  cultures  of  the  tnuukl  fuixgi. 

Potatoes  usually  have  a  slightly  acid  reaction,  fuid  on  this  ac- 
count certain  bacteria  will  not  grow  upon  them.  This  acid  reaction 
is  not  constant  and  differs  in  degree,  and  Jis  a  result  we  may  have 
decided  differences  in  the  growth  of  the  same  species  upon  different 
jwtatoes.  To  overcome  this  objection  the  writer  has  sometimes  neu- 
trahzed  the  cones  of  potato  in  test  tubes  (see  Fig.  21,  page  48)  by 
first  boiling  them  in  water  containing  a  little  carbonate  of  sotla. 
The  liquid  is  poiuvd  off  after  thej*  have  been  in  the  steam  sterilizer 
for  half  an  hour,  and  they  are  returned  for  sterilization. 

SfiltniKm.'iiin'.s  Mcfhotl  of  cultivation  in  capiltary  tubes  has  a  his- 
torical value  only  since  the  introductiou  of  Koch's  plate  method. 

The  following  modifications  of  Koch's  plate  cultures  have  recently 
been  introduced: 

Kruse  (180-1)  pours  the  liquefied  gelatin  or  agar  into  Petri  dishes, 
and  after  it  is  solidified  brushes  the  surface  with  a  sterilized  caniel's- 
hair  brush  which  has  been  dipped  into  water  containing  in  suspen- 
sion— properly  diluted — the  bacteria  to  be  studied.  By  this  procedure 
6tu-face  colonies  only  are  obtained.  Von  Freudenreich  (1894)  prefers 
to  pour  the  contents  of  the  test  tube  upon  the  surface  of  the  sterile 
medium,  in  Petri  dishes.  The  fluid  is  allowed  to  run  off  by  placing 
the  Petri  dish  in  a  vertical  position,  and  this  is  subsequently  placed  in 
the  incubating  oven  in  an  inverted  position — i.e.,  with  cover  below. 
To  obtain  satisfactory  plates  with  well-separated,  superficial  colonies 
it  may  be  necessary  to  use  two  or  three  dilutions,  made  in  sterilize<l 
water  in  the  usual  way — i.e.,  from  one  tube  to  anotlier,  by  means  of 
the  platinum  wire  having  a  loop  at  its  extremity. 


IX. 


CULTIVATION  OF  ANAEROBIC  BACTERIA. 

Pasteur  (1861)  firet  pointed  out  the  fact  that  certain  species  of 
bacteria  not  only  grow  in  the  entii-e  absence  of  oxygen,  but  that  for 
some  no  growth  can  wcur  in  the  presence  of  this  gas.  Such  bncteria 
are  foxind  iu  the  soil,  and  in  the  intestinee  of  man  and  the  lower  ani- 
mals. The  cultivation  of  "strict  auaerobica "  calls  for  methods  by 
which  oxygen  is  excluded.     The   "facultative    aaaerobics*^   grow 
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eithar  in  the  prest'nco  or  absence  of  oxygen.  There  are  various  gni- 
dfttions  in  this  rt'g>ird,  from  the  strictly  jverobic  species  which  re- 
quire an  abundance  of  oxygen  and  will  not  grow  in  its  absence,  to 
the  strictly  anaiToliic  species  which  will  not  grow  if  there  is  a  trace 
of  oxygen  in  il*'  in.dium  in  which  we  propose  to  cultivate  them. 
Among  the  mo- 1  int. n -sting  pathogenic  bacteria  which  are  strictly 
anaerobic  are  tlio  kicillus  of  tetanus,  the  bacillus  of  malignant 
oedema,  and  the  bacillus  of  symptomatic  anthrax. 
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If  we  nmke  an  inoculation  of  one  of  the  species  which  is  not 
strictly  anaerobic  into  a  test  tube  containing  nutrient  gelatin  or  agar- 
agar,  we  may  have  a  development  all  along  the  line  of  puncture. 
and  this  may  be  more  abundant  below,  as  in  Fig.  47.  But  when  we 
make  a  long  stick  culture  with  a  strict  anaerobic  the  development 
occurs  only  near  the  bottom  of  the  line  of  puncture  (Fig.  -18). 

We  may  then,  if  we  have  a  pure  culture  to  start  with,  projiagate 
these  anaerobic  bacilli  in  long  stick  cultures.  It  is  best  to  use  tubes 
which  have  Ixvn  recently  sterilized,  as  boiling  exjiels  the  air  from 
the  culture  mtnlium  ;  and  a  very  slender  needle  shuuhl  be  use«l  in 
making  the  iuuctdation.  To  prevent  the  absorption  of  oxygen  a 
layer  of  sterilized  olive  oil  may  be  p<jureti  into  the  tube  -after  the  in- 
oculating puncture  has  been  ma<ie,  or  it  may  be  filled  up  with  agar 
jelly  which  has  been  ctx>led  to  about  40"  C.  Roux  has  proposeil  to 
prevent  the  al>sni-ptiou  of  oxygen  by  the  culture  meilium  by  plant- 
ing an  aerobic  bju'terium — BacilUi.s  siibtilis — upon  the  surface,  after 
making  a  long  stick  culture  with  the  aniierobic  species.  Tlio  agar 
jelly  is  first  Iwiled  and  quickly  cooled  ;  the  inoculation  is  then  made 
with  a  slender  glass  needle  ;  some  sterile  agar  co<:>led  to  40°  C.  is 
poured  into  the  tube,  and  when  this  is  soliil  the  aerobic  s|)ecies  is 
planted  upon  the  surface.  The  tf>p  of  the  test  tube  is  then  cU>sed 
liennetically  and  it  is  placed  in  the  intubating  oven.  The  aerobic 
species  exhausts  the  oxygen  in  the  upix-r  jiart  of  the  tube  by  its 
growth  on  the  surface  of  the  culture  medium,  and  the  anaerobic 
species  grows  at  the  l)Ottom  ui  the  tube.  Toobtiiin  material  for  a 
new  culture  or  for  microscoincal  examination  the  test  tube  is  broken 
near  it«  bottom. 

Cultures  in  liijuid  meiiia  may  be  made  by  exhausting  the  air  in 
a  suitable  receptacle  or  by  displacing  it  with  hj^drogen  gas.  The 
first-mentioned  method  has  been  largely  used  in  Pasteur's  laboratory, 
but  metho«l»  in  which  hydrogen  ga.s  ttikes  tJie  }»la(^e  of  atmospheric 
air  in  the  culture  tulte  are  more  easily  applied  and  riniuire  simpler 
apparatus.  The  flask  shown  in  Fig.  4!J  may  be  used  in  connection 
with  an  air  pump.  The  sterile  culture  liquid  is  first  intrtHlucetl  into 
a  long-necked  flask  and  inocuhited  with  the  anaerobic  bacillus  to  be 
cultivated.  The  neck  of  the  flask  is  then  drawn  out  in  a  flame  at  c. 
The  open  end  is  then  connecteil  with  a  Sprengle's  pump  or  some 
other  apparatus  for  exliausting  the  air.  The  flask  is  placed  in  a 
water  bath  at  4<J''  C,  which  causes  ebullition  at  the  diminished  pres- 
sure, and  the  exhaustion  is  continued  for  aboiit  half  nn  hour.  The 
narrow  neck  is  then  seah^l  at  c  by  the  use  of  a  blowpijie  flame. 

The  flask  shown  in  Fig.  41),  which  can  be  made  frtmi  a  test  tube, 
may  also  be  used  in  connection  with  a  hydrogen  apparatus.  In  this 
case  a  slender  glass  tube  is  passed  into  the  flask,  as  shown  in  Fig. 
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50,  and  this  is  connected  with  a  hydrogen  apparatus  by  a  rubber 
tube.  The  hydrogen  is  allowed  to  bubble  through  the  culture 
liquid  in  a  full  stn^ain  for  t^'n  to  fifteen  minutes,  in  order  that  all  of 
the  oxy^eu  in  the  tliu^k  may  be  removed  by  displaeenieiit.  Then, 
while  the  gat*  is  still  flowing,  the  flask  i»  sealetl  at  a  with  a  blow- 
pijH:-  ttanie.  the  li)'drog*>n  tube  being  left  in  jMisition  and  melted  fast 
to  the  tlnsk.  Some  little  skill  is  required  in  the  sueeessful  perform- 
ance of  the  lant  »tep  in  this*  procedure,  anil  it  will  be  easier  for  thoee 
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who  are  not  skilful  in  the  use  of  the  blowpipe  to  use  Salomonsoni 
tube,  shown  in  Fig.  51,  In  this,  hydrogen  is  admitted  through  tbtf 
anu  b,  and  escapes  through  the  cotton  plug  a.  The  vertical  tube  is 
sealetl  at  c  while  the  gas  is  flowing,  and  then  the  horizontal  tube  at  6. 
Fvfinki'Vs  MHh(Hl. — Instead  of  these  tul>es  specially  intide  for 
the  purp<j«<e,  an  oniinary  test  tube  may  be  used,  as  recommended  by 
Fmokel.  Thia  ia  closet!  by  a  soft  rubL>er  cork  through  which  two 
glsM  tubes  pans — one,  reju'hing  nearly  to  the  bottom  of  the  teat  tube. 
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for  the  admission  of  hydrogL-n.  wlitch  passes  through  the  liquefied 
culture  medium  ;  and  the  other  a  short  tube  for  the  escape  of  the  gas. 
The  outlet  tube  is  sealed  in  the  flame  of  a  lamp  while  the  gas  is 
freely  flowing,  and  after  sufticient  time  has  elapsed  to  insure  the 
complete  expidsion  of  atmospheric  oxygen — -which,  when  the  hydro- 
gen flows  frwlj*,  rw|nires  aliout  four  minutes  (Frankel) — melted 
paraffin  is  applied  freely  ti>  the  rubber  stopper  ttj  prevent  leakage  of 
the  hydrogen  and  entrance  of  oxygen.  A  roll  tube  may  then  he 
made  after  the  manner  of  Esniarch.  and,  after  colonies  have  de- 
veloped, the  anaerobic  culture  will  aiipour  as  shown  in  Fig.  53. 

To  isolate  anaerobic  bacteria  in  pure  cultures  it  is  well  to  make  a 
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series  of  dilutions  as  heretofore  described  for  aerobic  cultures  ;  we 
will  then  usually  obtain  isidated  ct>lonies  in  tube  No.  'Z  or  No.  -i  of  a 
series,  and  by  removing  the  nibber  stopper  we  may  transplant  bac- 
teria from  these  colonies  to  deep  stick  cultures  in  nutrient  gelatin  or 
agar. 

■  The  JVritei'.'i  Methixl. — The  following  simple  method  has  been 

'      successfully  empltjye*!  by  the  writer: 

Three  Esmarch  kA\  tulies  art;  prepared  as  is  usual  for  aerobic  cul- 
tures.    The  cotton  air  filter,  or  a  portion  of  it,  is  then  pushed  down 
the  tubes  for  a  short  distance,  as  shown  at  a.  Fig.  ^'-L     A  section  of 
t\  soft  rubber  stopper  carrj-ing  two  glass  tubes  is  then  pushed  into  the 
0 
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teet  tube  for  about  half  an  inch,  as  shown  at  b.  Fig.  53.  The  space 
above  the  cork  is  then  filled  with  melted  sealing  wax.  which  I  have 
found  to  prevent  leakage  better  than  paraffin,  which  contracts  uptjn 
oooliug.  The  test  tulie  is  inverteti  while  hyilrogen  is  passed  through 
the  tube  f,  and  by  reason  of  its  levity  the  gas  quickly  passes  through 
the  cotton  air  filter  and  displaces  the  oxygen  in  the  test  tube  (Fig. 
.'J4).  After  allowing  the  gfis  to  flow  for  a  few  niinutes  the  outlet 
tube  is  first  sealed  in  a  flame  and  then  the  inlet  tube.  As  the  cottijn 
filter  is  interposed  between  the  rubber  stopper  and  the  culture  mat*»- 
rial,  no  special  precautit>ns  net-d  be  taken  for  the  sterilization  of  tJie 
rubl)er  cork  Jind  the  glass  tubes  which  it  carries. 
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Tliis  methotl  is  rnon'  convenient  than  that  previously  describe*!. 
and  the  only  iibjcrtion  to  it  is  that  tin-  oxygen  is  not  completely  n.- 
movefl  from  the  tihn  of  soli*!  gelatin  dr  agar  attaehetl  to  the  walls  of 
the  test  tulje.  But  by  passing  the  hydrogm  for  a  long  time  it  would 
seem  that  by  diffusion  the  oxygen  ri'inaiiiijig  in  this  thin  layer 
would  be  gotten  rid  of.  At  all  events,  this  method  will  serve  for  all 
except  the  very  st  ri<'t  anaerobics. 

Method  of  Enmarch.— The  following  methml  has  been  propoee<l 
by  ELsmareh  :  Three  mil  tul)es  are  made  in  the  usual  way.  and  into 
these  liquid  gelatin,  that  is  nearly  cooled  to  the  jjoint  of  becomin($ 
solid,  is  poured.     This  fills  the  tube  without  melting  the  layer  of 
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gelatin,  previously  cooled  upon  its  walls,  which  contains  the  bacteria 
under  investigation.  When  the  anaerobic  colonies  have  developed 
the  test  tube  must  be  broken  to  get  at  them,  or  the  cylinder  of  gela- 
tin may  be  removed  by  fii"8t  warming  the  walls  of  the  tube. 

Another  method,  recommended  by  Liboriiis,  consists  in  distri- 
buting the  bacteria  in  test  tubes  nearly  filled  with  nutrient  gelatin  i>r 
agar  which  has  been  recently  boiled  to  expel  air.  Colonies  of  anaero- 
bic bacteria  will  develop  near  the  lx>ttom  of  such  a  tube,  while  the 
aerobic  species  will  only  grow  near  the  surface.  The  cylinder  of 
jelly  is  removed  by  heating  the  walls  of  the  tube,  and  sections  are 
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made  with  a  .sterilize<l  knife  for  the  pm-pose  of  'obtaining  material 
from  individual  colonies  for  further  cultures,  etc. 

Koch  and  his  pupils  are  m  the  habit  of  testing  the  aerobic  char- 
acter of  liacteria  in  platB  cultures  by  Cdvi^ring  the  recently  made 
plates  with  a  thin  sheet  of  mica  which  has  been  sterilized  by  heat. 
The  strictly  aenjbic  species  do  not  grow  under  such  a  plate  ;  but, 
according  to  Libiirius,  the  e.xclusion  of  «jxygen  is  not  sufficiently 
complete  for  the  growth  of  strict  anaernhics. 

BuchnerH  Mcthud  vimsif<iH  in  the  removal  of  oxygen  by  means 
of  pyrogallic  acid.  Thu  atiaf-robic  Hpe<:^ie8  under  investigation  is 
planted  in  recently  boiled  agar  jelly  in  a  small  test  tuljc.  This  is 
platted  in  a  hirger  tube  having  a  tightly  fitting  rubber  stopper,  as 
shown  in  Fig.   5.7.      The  small  tube  is  supported  by  a  bent-wire 
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stand,  and  in  the  lower  piirt  of  the  large  tube  are  placed  ten  cubic 
centinietres  of  a  ten-i>er-ceiit  Bolution  of  caustic  potash,  to  which  one 
graiatne  of  pjrogalHc  acid  is  added.  The  absorption  of  the  oxygen 
takt«Hsi>nie  time,  but,  ticcording  to  Buchner,  it  is  tiiiiJly  so  complete 
that  strict  anaerobics  gro^v  in  the  small  tube. 

In  pmctice,  cultivation  in  an  atniospliere  of  hydrogen  \vill  be 
fonnd  the  most  conveuient  iiiethtMi.  and  for  this  any  form  of  liydro- 
gen  generator  may  lie  used.  The  writer  is  in  the  habit  of  using  the 
fonn  shown  in  Fig.  5U.  A  ix'rforation  a  <|narter  of  an  inch  in 
diameter  is  drillrd  tlirougli  the  bottom  of  a  widc-moutlied  bottle. 
Some  fragments  of  broken  glass  are  then  put  into  the  bottle,  form- 
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ing  a  layer  two  or  tlirec  inches  thick.  Upm  tliis  is  jilaced.  a  quan- 
tity of  granulated  zinc.  This  ljK>ttle  has  a  tightly  fitting  cork, 
through  which  jwuises  a  metal  tulu-  having  a  stupctK'k.  The  lK»ttle 
is  placed  in  a  ghiss  jar  containing  tliluted  sulphuric  acid  (mw  |i»rt 
by  weight  of  sulphuric  acid  to  eight  parts  of  water).  The  acid,  ris- 
ing through  the  perfonition  in  the  bottom  of  the  lK>ttle,  when  it 
fNimee  in  conta<'t  wnth  the  zinc  gives  rise  to  an  aV>undant  evolution 
of  hy<lrogen.  which  escajies  by  the  tulje  n  when  the  stopcock  ia 
opt»n.  When  this  is  chwetl  the  giis  forces  the  a<:'id  Imck  from  con- 
tact with  the  zinc.  To  remove  any  trace  of  oxygen  present  thv 
gad  may  be  itaH.siHl  through  a  solution  of  pyrogallic  acid  in  catustic 
potash. 

Evidently  plates  preparttd   by  Koch's  methoil,  or  Esmarch  roll 
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tubes,  may  be  placed  in  a  suitable  receiver  and  the  air  exhausted,  or 
hydrc^n  substituted  for  atmospheric  air.  Such  an  apparatus  for 
hydrogen  has  been  devised  by  Blucher  and  is  shown  in  Fig.  57.  A 
glass  dish.  A,  contains  a  smaller  dish,  B,  which  has  a  diameter  of 
about  seven  centimetres.  The  small  dish  is  kept  in  its  position  in 
the  centre  of  the  larger  one  by  the  wire  ring,  having  three  project- 
ing arms,  which  is  shown  in  the  figure.  The  culture  medium  con- 
taining the  anaerobic  bacteria  to  be  cultivated  is  potired  into  the 
small  dish  and  the  glass  funnel  D  is  put  in  position.  This  is  held 
in  its  place  by  a  weight  of  lead  which  encircles  the  neck  of  the  fun- 
nel at  F.  A  mixture  of  glycerin  and  water  (twenty  to  twenty-five 
per  cenl)  is  poiired  into  the  dish  A  to  serve  as  a  valve  to  shut  off 
the  atmospheric  air  from  the  interior  of  the  funnel  D.  Hydrogen 
gas  is  introduced  through  the  tube  E,  which  is  connected  by  a  rub- 
ber tube  with  a  hydrogen  apparatus. 

A  somewhat  similar  apparatus  has  been  devised  by  Botkin,  in 
which  the  hydrogen  is  admitted  beneath  a  bell  jar  covering  small 
glass  dishes  containing  the  culture  medium.  We  believe  that  in 
practice  the  writer's  method  (page  81),  in  which  Esmarch  roll  tubes 
are  first  made,  will  be  found  more  convenient  than  either  of  the  last- 
mentioned  methods  of  preserving  plates  in  an  atmosphere  of  hydro- 
gen ;  or  roll  tubes  may  be  prepared  in  the  way  usually  practised  in 
cultivating  aerobic  bacteria,  and  these  may  be  placed  in  a  suitable 
receptacle  which  can  be  filled  with  hydrogen. 
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The  aaprophytif  lificteria  generally,  and  many  of  the  pathogenic 
species,  jj^ow  at  the  ordinary  temi»erature  of  occupied  apartments 
(^O""  to  25'  C. )  ;  l»ut  »nno  jmthogenic  Hpecies.  can  onlj*  be  cultivated 
at  a  higher  tenij>erature,  and  many  of  tln>se  which  gjo^r  at  the 
"room  temjierature "  develop  more  rapidly  and  vagorously  when 
kept  in  an  incidtating  oven  at  a  tempeniture  of  35"  to  '.i8°  C,  Ever>- 
bacteriological  hdx>ratory  ahould  therefore  be  pro^nded  with  one  or 
more  brood  ovens  provided  with  thenuo-regulators  to  maintain  a 
constant  temperature.  These  inculKiting  ovens  are  made  with  dou- 
ble walls  surriiunding  an  air  clianilier.  The  spswe  between  the  dou- 
ble walls  is  fille<l  with  water,  which  is  usiuilly  heated  by  a  small  gjis 
flame.  The  gas  [msst^.s  through  the  thermo-regulator,  and  its  flow 
i,s  automatically  control UhI  for  an\'  teui{M'rature  ti)  which  this  is  ad- 
jiL-^tfHi.  Tlio  exterior  of  the  inculMitiug  oven  is  covereil  with  felt  or 
asbestos  to  prevent  the  loss  of  heat  by  radiatit>u.  A  simple  and 
chea|j  form  which  answers  every  pnqjowe  is  shown  in  Fig.  58.  Tlu- 
quadrangular  l)ox  with  douhlo  walls  should  lieniHde<>f  zinc  or  C(i|h 
per.  An  outer  metal  door  covere«i  with  non-conducting  mtiterial, 
and  an  inner  door  of  gltiss,  give  access  to  the  interior  space  ;  and  a 
thermometer  iutnxluced  through  an  ai>ertm:^  in  the  top  (Fig.  5H,  h) 
shows  the  tempeniture  of  this  space  when  the  do<»r  is  closed.  The 
»t<jpcock  e  permits  the  drawing  off  of  the  water  from  the  space  be- 
tween the  double  walls,  and  the  glass  tidve  */  shows  the  height  of 
the  water,  as  it  is  connwted  with  the  .space  contjiining  it.  The 
thermo-regulator  i}as.ses  through  an  a{>ertiire  at  one  side  of  the  oven 
into  the  water,  the  temperature  of  which  c«>ntrols  the  flow  of  gas. 

The  ordinary  thermo-regulator  is  shown  in  Fig.  59  as  manufac- 
tured by  Rohrbeck.  A  glass  receptacle,  shaped  like  an  ordiruiry 
Udtst  tul)e,  has  an  arm.  c\  for  the  escai>e  of  the  gan,  which  enters  by 
the  l)ent  tube  a,  which  passes  through  a  perforated  cork  and  is  ad- 
justable up  and  d(«vn.  Tul^e  a  is  coniiecte<l  with  the  gas  supply  arul 
tube  c  with  the  burner  by  means  of  niblx«r  tulnng.  A  glass  parti- 
tion extending  downward  as  a  tube,  g,  makes  an  enclosoil  spatre  la 
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the  lower  part  of  the  instrument,  and  this,  when  immersed  in  water, 
acts  as  a  thermometer  bulb.  This  space  contains  mercury  below 
and  air  or  the  vapor  of  ether  above.  When  the  air  is  expanded  by 
heat  the  mercur}'  is  forced  up  the  tube  g  imtil  it  meets  the  end  of 
the  inlet  tul>e  for  gas  at  A,  and  bj-  shutting  ofif  the  flow  of  gas  pre- 
vents Jhe  temperature  from  going  any  higher.  A  small  opening  in 
the  inlet  tul>e  at  e  permits  a  small  amount  of  gas  to  flow,  so  that  the 
flame  under  the  brood  oven  ( Fig.  58,  /)  may  not  be  entirely  extin- 
guishetL  The  lower  end  of  the  bent  tube  a  is  bevelled,  so  that  a  tri- 
aiigidar  opening  is  formed,  which  is  closed  gi-aduallj  by  the  rising 
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mercury,  instead  of  abruptly  as  would  be  the  case  if  the  lower  end 
uf  the  tube  a  were  cut  off  sijuare.  To  adjust  the  temperature  in 
the  air  space  of  the  incubating  oven  when  the  thermo-regulator  is  in 
position,  a  full  flow^  of  gas  is  admitted  to  the  burner  until  the  ther- 
mometer (Fig.  58,  b)  shows  the  ilesired  temperature  ;  then  the  bent 
tube  a  is  pushed  down  through  the  cork  imtil  its  lower  extremity 
meets  the  mercury  and  the  flume  /  is  somewhat  reduced.  The  ap- 
ptaratus  is  then  left  for  a  time,  to  see  whether  the  flame  runs  too  high 
or  too  low,  and  a  further  adjustment  is  made.  When  the  changes 
in  the  exterior  temperature  are  slight  and  the  gas  pressure  regular 
the  temperature  in  the  air  chamber  is  controlled  with  great  precision. 
But  this  is  not  the  case  imder  the  reverse  conditions.     Changes  in 
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the  pj-essure  of  gas,  especially,  interfere  with  the  maintenance  of  a 
constant  temperature,  anil  for  this  rejiis<:>n  a  pressure  regulator  will 
be  i"et|uiped  when  great  precision  is  desired.  That  of  Moitessier  is 
pommonly  used  in  bac^teriologicat  laboratories  (Fig.  60).  But  for 
must  pur|K>ses  variations  of  temperature  of  1°  to  2°  C.  are  not  of 
gi-eiit  iraiKirtance.  For  ordinary  use  a  brood  oven  should  be  regu- 
lated to  about  35°  to  37"  C.  It  is  best  to  have  a  little  cylindrical 
screen  of  mica  around  the  gas  jet  lieneath'the  incubating  oven,  for 
the  purpose  of  preventing  the  Hame  from  being  extinguislied  by  cur- 
rents of  air  (Fig.  fJl). 

Koch's  ingenious  automatic  de^nce  for  shutting  off  the  gas  if  the 
Hame  is  accidentally  extinguished  is  shown  in  Fig.  ti'i. 
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Another  form  of  thermo-regulntor,  which  answers  very  well,  is 
that  of  Reichert  (Fig.  t'i3).  In  this  the  ga^^  enters  at  a  and  escaitesj 
at  c.  The  mercury,  which  tillB  the  bulb,  shuts  off  the  gas  at  tJi« 
point  for  wliich  the  instrument  is  regulate<l.  By  means  of  the 
screw  </  the  height  of  the  mercury  in  the  tube  may  be  ver}'  accu- 
rately adjusted  for  any  desired  temperatiu-e. 

The  reguliitor  of  Bohr,  shown  in  Fig.  i!4,  is  more  sensitive  than 
that  of  Reichert,  and  rather  simpler  in  c< »nstruction  than  the  u»uh1 
form  shown  in  Fig.  51t.  The  thennonu'ter  bulb  a  contains  only  air. 
ajid  the  gas  which  pas-ses  through  tlio  tul)e  /  is  nhut  off  at  the 
prup^T  temjierature  by  the  mercury  in  the  U-!^hrt|>iHi  tube  c.  The 
stopcock  b  is  left  open  when  the  bulb  ii  is  immersetl  in  the 
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maintain  a  small  flanio  which  must  not  be  sufficient  by  ittielf  to  kee^- 
up  thf  ilesireil  temjit'i-ature  in  the  water  Iwith. 

AltniHiin  has  riH'eiitly  (ISSU)  de8<'ribed  a  themio-regfulator  Avhidi 
is  made  by  Miuicke,  of  Berlin,  jinil  which  is  sho\m  in  Fig.  «»5.  This 
is  said  to  act  mth  gi'eut  precision.     It  is  a  modificatiou  of  Reichert » 
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regulator.     Its  mode  of  action  will  Vh?  readily  understood  by  a  roftv 
n-nri*  t<»  the  iigurc. 

A  thernjo-regnlator  which  gives  very  jK-curate  results,  which  nr*" 
not  iuriueucwl  by  dirt'eronces  iu  pressure,  i.s  that  invented  by  th«i 
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writer  over  twenty  yeam  ago.  The  regulating  thermometer  may 
contain  mercury  only,  or  air  and  mercury,  iis  «hnwn  in  the  tiiernko- 
regulator  for  gas  (Fig.  HU).  In  the  simplest  form  a  large  bulb  o««i- 
tjiining  mercury  is  used,  and  a  platinum  wire  is  hennetically  senltMl 
in  the  glai48  so  tit*  to  have  contact  with  the  mercuiy  (Fig.  titf,  a). 


FiO.  68.  Fia.  W. 

let,  e,  which  ia  connected  with  the  hunier  umler  the  incubating 
oven.  The  upper  end  of  tliia  larger  tnl)e  is  cIoskmI  by  means  of  a 
piece  of  sheet  ruhl)er,  wliich  prevents  the  eivajw  of  giui.  When  thif* 
is  depresHetl  by  nieans  of  tlie  lever  v,  the  tlow  uf  gas  through  the 
valve  in  arrested.  The  lever  c  has  attached  to  it  tlie  armature  d, 
and  i^  operated  bv  an  electro-magnet  under  the  control  uf  the  regu- 
lating themiunieter. 
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When  the  thermometer  is  immei-stt^d  in  a  water  bath  the  tem- 
perature of  wliich  it  is  ilesiretl  to  regulate,  autl  the  proper  elei-tric 
connectiiins  are  inrnle,  it  i^iets  as  a  cin-uit  brwiker.  When  the  de- 
sirc^d  tcmperaturo  is*  rwu'hod  tlie  mercury  in  the  tul)e  of  the  ther- 
mometer tflUfhes  the  wire  h  (Fig.  (iC),  an  electric  circuit  is  c«im- 
pletwl,  and  the  valve  is  ctuse:!,  shutting  off  the  gas  supply  and 
prevt'iitiug  the  touiixTature  from  going  any  higher.  When  coiitju'; 
is  bioken  in  the  thermometer  tube  the  valve  t>j>en3  and  permit*  the 
gjis  to  floAv  again.  A  small  opening,  o  (Fig.  G7),  pennits  the  con- 
stiint  tiow  of  a  sufficient  anmuut  of  gas  to  i)revent  the  flaiue  from 
iK'ing  extinguished.  In  praetiee,  however,  it  is  Iwtter  to  have  a 
small  side  jet  of  gfis.  cjuite  independent  of  that  whieh  pa-s^ses  thnmgh 
tlie  valvBj  wliich  burns  constantly  and  relights  the  principal  jet  whea 
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the  %'alve  is  oi)one<l.  This  ap]uu*atus  is  very  well  adaiittnl  for  re>ga- 
hiti}ig  the  temjH'ratuixi  of  a  water  bath  witli  prLtision,  b»it  for  ^ne- 
nd  tute  in  connection  with  inculiatiug  ovens  the  ordinary  gas  regu- 
lator is  preferable,  on  arctiunt  of  the  trouble  <.M)nne<'te<l  with  keeping 
a  gjilvanic  battery  in  ordiT  when  it  is  reijuired  to  act  at  frequent 
intervals  "  on  a  clo»e«l  circuit,"  for  weeks  and  months  together. 

Tiie  incubating  appiratus  of  D'Arsonval  is  sliuwn  in  Fig.  08.  It 
11*  a  cylindrical  vessel  of  copinn*  having  double  walls,  and  is  pi-ovidwl 
with  the  theniio-regulator  of  D'Arsonval,  by  which  very  acciiniti> 
regidation  is  maintained  at  any  desii-ed  tenji)erature.  In  its  foi 
thi«  apj«iratus  is  not  r«  convenient  hh  are  the  br<.vod  ovens  m 
in  the  fonu  i*lu>wn  in  Fig.  .58,  with  a  swinging  <UKir  which  gives 
easy  accesa  to  the  interior,  which  is  jn'ovideil  with  one  or  more 
shelvew  ujK)n  which  the  cultures  are  i)hire<l.     Various  .nodificatioiks 
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of  this  simple  and  convenient  incubating  oven  are  manufactureJ 
by  Robrbeck  and  by  Miincke,  of  Berlin.  The  apjMiratiis  of  D'Ar- 
sonval,  and  other  forma  in  favor  at  the  French  capital,  may  l>e  ob- 
taine<l  from  Wiesnegg,  of  Paris.  The  last-nanieil  manufacturer 
also  supplier  the  incubating  oven  and  themio-regulator  described  by 
Rous  (ISyi).  Tliis  is  shuwu  in  Pig.  *j!i.  The  regulator  is  formed  of 
two  metallic  bai-s,  oue  of  stt-el  and  the  otlier  of  zinc  ;  these  are 
soldered  together  in  the  .shajje  <tf  a  letter  U  ;  the  regulator  is  seen  in 
position  in  the  cut  (Fig.  G'.i).  The  most  dilatable  metiil  (zinc)  i,s  on 
the  outside.  When  the  temiKTatiu'e  is  raised  the  arms  of  the  U  ^ip- 
proach  each  utiier,  and  the  reverse  when  it  falls.  The  method  by 
which  regulation  is  effected  is  sliown  in  Fig.  70.  The  U-shaj>etl 
regulator  is  place*!  vertically,  and  one  of  its  branches,  A,  is  firmly 
fixed  to  tlte  wall  of  the  inculwitiiig  men  ;  the  other,  free  ann  car- 
ries a  horizontal  bar  whi<'h  pn>jects  thmugh  the  wall  of  the  incu- 
bator in  an  opening  which  permits  it  to  move  freely  under  tlie  iiiHu- 
ence  of  a  change  in  the  temjieratnre  within.  The  entl  of  this 
projecting  bar  is  turned  up  at  a  right  angle  and  the  s<Tew  jj  passes 
through  it  ;  tliis  can  be  fixed  at  any  desired  jxjint  by  means  of  the 
nut  e.  The  end  of  the  screw  p  rests  against  the  stem  of  a  conical 
bniss  valve  which  controls  the  How  of  g-as.     The  valve  is  closed  by  a 

iral  spring  jind  opened  by  the  screw  p  under  the  control  of  the 

ermo-regulatur. 

In  the  absence  of  gas  incubating  ovens  may  be  heated  by  a  small 
[wtroleum  lam]>,  and  various  devices  Iiave  been  invented  for  control- 
ling the  temperature.  Reictienbach  describes  an  apparatus  for  this 
purpose  in  the  Ceniralbhitt  fi'ir  Bctkteriologie,  Vol,  XV,,  p.  8-t7, 
1804.  Dr.  Borden  of  the  U.  S.  Army  has  also  invented  a  thenno- 
regulator  to  be  used  in  connection  witli  a  petroleum  lamp.  In  the 
absence  of  any  regulating  apparatus  an  incubating  oven  may  lie  kept 
at  a  tolerably  uniform  temperature  bj-  personal  supervision — adju.xting 
the  flame  of  the  lamp  ami  its  distance  from  the  lx>ttom  of  the  oven  ac- 
cording to  the  changes  in  the  extenifd  teniju'ratnre.  For  most  bac- 
teria a  variation  of  several  degrees  is  not  important,  so  long  as  the 
temperature  is  not  allowed  to  rise  al)ove  3T°  to  3S°  C.  The  typhoid 
bacillus,  the  diphtheria  bacillus,  the  anthrax  bacillus,  the  pus  cocci, 
and  most  saproplniic  bacteria  grow  at  the  ordinary  room  temperature, 
and  may  therefore  l)e  cultivated  without  any  form  of  incubating  oven 
or  thermo-regulator. 


XI. 
EXPERIMENTS   UPON   ANIMALS. 

Thk  pathogenic  power  of  various  lmct<>ria  htus  been  demonstrated 
by  injt«cting  pure  cultures  into  sust'eptiblo  animals.  As  a  rule,  the 
herbivora  are  more  susceptible  than  the  carnivora,  and  this  is  per- 
haps to  be  explained  in  aeeordance  with  the  theory  of  natural  selec- 
tion. Carnivorous  animals  often  fetnl  njM»n  the  bodies  of  aniinal» 
which  have  succumbed  to  infectious  dis<.>ases.  and  upon  dead  animals 
in  which  |>utrefactivo  chanj;je8  have  commenced.  In  their  strugj^Ies 
with  eacli  other  they  are  woimded  by  teeth  and  claws  sfjiled  with  in- 
fectious material  which  would  cause  a  fatal  disease  if  moculated  into 
the  more  susceptible  herbivorous  animals.  As  this  has  been  goin^ 
on  for  Kjifes,  we  may  supjxjse  that,  by  survival  of  the  fittest,  a  race 
tolerance  has  lieen  acijuii^ed.  The  lower  animals  have  their  o\>'n  in- 
fectious dist'iises,  some  of  which  are  pwuliar  to  certain  si)ecies  and 
some  common  to  several.  As  a  rule,  the  si>ecific  infectious  diseases 
of  man  caunnt  be  transmitted  tn  lower  animal.><.  and  man  is  not  8nl>- 
ject  to  the  discitses  of  the  same  ehiijs  which  inevail  among  animals. 
But  certain  disea.-*i>s  funiish  an  exception  to  this  general  rule.  Thus 
tuberculosis  is  connnon  to  man  and  srveral  nf  the  lower  anuimls ; 
relapning  fever  may  by  iniKnilation  1k^  transmitted  to  monkeys; 
diphtheria  may  l>e  tnmsmitted  to  pigeons  and  gitim-a-pigs.  On  tlie 
other  hand,  anthrax  and  glandei-s  may  l)o  contracted  by  man  as  a 
rtwult  «>f  accidental  iiitH'ulatii)n  or  contact  with  an  infected  animal. 

Nearly  allie4l  Kj>eeies  sometimes  present  very  remarkaV»le  differ- 
ences as  Un  8us»-eptibility.  Thus  t!ie  iMicillus  of  mouse  si^pticfpmia  is 
fatal  to  house  mire  but  not  to  field  mice,  while,  on  the  other  hand, 
field  mice  are  killed  by  tfte  bneillus  of  glanders  and  house  mice  are 
immune  from  this  ptithogenie  iHicillus. 

The  animals  most  commoidy  used  for  testing  the  pathc^^uie 
jK>wer  of  Iwcteria  are  the  mouse,  the  guinea-pig,  and  the  rabbit. 
Domestic  fowls  and  pigeons  nw  als4»  useful  for  certain  experiment*. 
The  dog  and  the  nit  are  i)f  com j>a rati vely  little  use  on  account  of 
their  slight  susceptibility. 
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Inwulatious  are  made  directly  into  the  circulation  through  a 
vein,  into  the  8ul)cutantHiuM  CDnnective  tissue,  or  into  one  of  the 
serous  cavities — usually  the  peritt)neal. 

Tlie  ordinarj'  hypixlemiic  sj-ringe  may  Iw  used  in  making  injec- 
tions, but  this  is  difficult  to  sterilize  on  account  of  the  leather  pi8t<jn, 
and  complications  are  liable  to  arise  from  its  use  which  it  is  liest  to 
avoid.  The  l>e.st  way  to  sterilize  a  piston  syringe  is  to  wash  it  thor- 
•  >ughly  with  a  solution  of  bichloride  of  mercury  of  I  ;  1,<HK*,  and  then 
to  remt>ve  every  trace  of  bichloride  by  washing  in  alcohol.  But  one 
never  feels  quite  sure  that  the  most  careful  wsishing  will  insure  steril- 
ization, and  it  is  best  to  use  a  syringe  which  may  be  sterilized  by 
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heat,  such  as  that  of  Koch,  shi>wn  in  Fig.  71 .     In  this  the  metal  point 

and  glass  tube  are  easily  sterilized  in  a  hot-air  (»veii.     Fluid  is  drawn 

into  the  syringe  and  forced  out  of  it  by  a  rubkier  ball  wliich  has  a 

I      perforation  to  be  covered  by  the  finger.  ^ 

I  The  writer  has  for  some  ^-cjira  l>*'en  in  the  liabit  of  making  injec- 

■  tions  in  animals  with  an  improvised  glass  syringe.     This  is  made 
I      from  a  piece  of  glass  tubing  in  the  siune  form  as  the  collecting  tubes 

■  heretofore  de-scrilKMl,      A  l)ulh  is  bhmm  at  one  end  of  the  tube,  and 
B      the  other  end  is  drawn  uut  to  form  a  slender  tube  which  serves  as  the 
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needle  of  the  syringe  (Fig.  7'i).  By  gently  heating  the  bulb  in  an 
alcohol  lamp  and  inunersing  the  ifpen  end  of  t\n>  caiiillary  tulw?  in 
the  fluid  to  be  injected,  this  rises  into  the  syringe  as  the  expanded  air 
cools.  Having  intriMhiced  the  glass  point  beneath  the  skin  or  into 
the  cavity  of  the  abdomen  of  the  animal  Ut  be  injected,  the  contents 
of  the  tul>e  are  forced  out  V>v  again  heating  the  bulb  by  means  of  a 
small  alcohol  lamp.  The  glass  point  is  ef^sily  forced  tlirough  the 
thin  skin  of  a  mouse  or  of  a  young  rabl>it ;  but  for  animals  with  a 
thicker  skin  it  is  necessary  to  cut  through,  or  nearly  through,  the 
skin  with  some  other  instrimient.  A  small  pair  of  curved  scissors 
answers  very  well  for  this  purpose. 
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Generall}',  in  makinjj  injections  into  animals,  it  is  customarr  to 
remove  the  hair  for  some  {lisstunce  aruunil  tlie  point  of  iiioculatioD 
\\'ith  seisstirs  and  rjizor,  and  then  to  sterilize  the  surface  by  careful 
washing  with  a  SDhititm  of  biehloritle  of  mercury.  This  procaution 
is  n**ces.sHry  in  researches  in  which  pathogenic  bacteria  are  being 
tested,  in  order  to  remove  any  jMwsihilily  of  accidental  incx'ulatinn 
Avith  ^erms  other  than  tlnjse  under  tuvestifjation,  and.  as  a  conse-- 
«|Uence.  a  mistaken  inference  aw  to  the  pathogenic  action  of  the  spe- 
cies luuler  investigatittn.  Bnt  wlien  we  know  the  HjxH-ific  pHtliogenir 
power  of  a  certain  microorganism  it  is  hardly  necessfiry  to  ttike  thi* 
precaution,  jus  a  few  drops  of  culture  unll  contain  niillicms  f»f  the  Imw- 
teria,  while  contamiuation,  if  it  occui"s  from  tlie  surface  of  the  botlr. 
must  l>e  by  a  ci)m]>anitively  small  nunil>er  ttf  bacteria,  which  an? 
likely  to  lie  of  a  harndp.s.s 'kind  wliich  will  have  no  intliience  ontlie 
result  of  the  experiment. 

Instead  of  sterilizing  the  surface,  the  writer  usually  clips  away  h 
tsmall  iKirtion  of  skin  with  curved  Kcis.sors,  not  cutting  deep  enough 
to  draw  blood,  but  leaving  a  bare  surface  thrtiugh  which  tlie  ix>int  *«f 
the  syringe  can  l>e  intnMluced  with  vt«ry  little  danger  of  carrying  liac- 
teria  into  the  comiective  tissue  other  tluui  those  contained  in  th** 
.syringe. 

In  making  injections  into  the  ixmtoneal  ca^nty  care  must  bt*  tiikeu 
not  to  wiJiuid  the  liver  or  the  distended  stonuu'h.  The  intestine  i» 
not  verj-  likely  ia  bf  wt>un<led,  as  it  slips  out  of  tin-  way.  By  seizing 
a  longitudinal  fold  of  the  alKlouiinal  wall  and  pushing  the  jHiint  of 
the  .syringe  finite  through  it.  and  then  releasing  the  fold  and  care- 
fully withdrawing  the  instrument  until  the  jKniit  remains  in  tin- 
cavity,  the  danger  of  wounding  the  intestine  will  l>e  reduce«l  to  )t 
mininnun. 

Injt^'tions  into  the  circulation  are  made  by  e.xjMising  a  vein  and 
carefully  intrfKlucing  the  needle  of  the  syringe  in  the  direction  of 
the  blood  current.  Care  must  of  c-ourse  be  taken  not  to  inject  air. 
In  the  rabbit  one  of  the  large  veins  of  the  ear  may  lie  conveniently 
[KMietrateil  by  the  p«>int  of  a  hyjMKlermii;  syringe  without  any  pre- 
vious dissection.  The  ear  is  first  washetl  with  a  solution  of  bichloriik' 
of  mercury  or  simply  with  warm  water.  The  animal  had  l)etter  lie 
carefully  wrapjwd  in  a  t«iwel  to  control  its  movements.  The  veins 
are  distendenl  by  compn.'.ssing  them  near  the  Imse  of  the  ear.  WIumi 
the  jH)int  t»f  the  ntn^Ue  has  not  Ix'en  ]>ro|(erly  intnHluced,  and  tlie 
Huid  to  he  injifttnl  i-scajies  in  the  surrounding  connective  tissue,  it 
will  commiinly  Ix-  In-st  to  withtlraw  the  syringe  and  make  the 
attempt  ni>on  another  vein.  As  |>ointed  out  by  Ablsjtt,  the  ruHHlle 
of  the  svTinge  should  lie  ground  flat  at  the  point,  ami  not  curvet!  aa 
is  commonly  the  case. 
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Large  quantities  of  fluid  may  be  injected  into  the  cavity  of  the 
alKlojnen  or  into  the  circulation  by  slowly  forcing  the  fluid  through 
a  slender  cunula.  properly  introduced,  wliich  is  cuuplwl  with  a  large 
sjTTnge  by  means  of  rubber  tubing,  or  with  a  glass  receptacle  from 
which  the  fluid  Ih  forced  by  the  presaure  of  air  pumped  in  with  a 
ruliber  hand  ball. 

Mice  are  usuaUj-  injecte<l  sulx^utaneously  near  the  tail.  The 
little  animal  is  first  seized  by  h  lung  pair  uf  forceps,  or  *"  mouse 
ti)ngB,"  anil  the  hair  is  clipjK'd  away  on  the  Iwick  just  above  the  tail- 
If  solid  material  is  to  be  introducf^l  a  little  ptM*ket  is  made  with  scis- 
sors or  with  a  lancet,  into  wliich  the  infectious  material  is  carried  bj' 
means  of  a  platinum  neetUe  or  slender  forceps.  Liquids  may  be  in- 
jected by  the  little  gla.ss  sjTinge  heretofore  described,  the  point  of 
which  is  easily  forced  through  the  skin. 

Pasteur's  method  of  inocidating  rabbits  with  the  virus  of  hydro- 
phobia consists  in  trephining  tlie  skull  and  injecting  the  material 
beneath  the  dura  mater.  An  incision  through  tlio  skin  is  fii-st  ma<le 
to  one  side  of  the  median  line  a  short  distance  back  of  the  eyes. 
The  edges  of  the  woimd  are  separated,  and  a  small  trephine  (five  or 
si.x  millimetres  in  diameter)  is  used  to  remove  a  button  of  bone.  The 
euiutsiuii  of  spinal  cord  from  a  hydro jjliobie  animal  is  then  carefully 
injecte<l  beueath  the  dura  mater — two  or  three  droj»s  will  be  sufficient. 
The  wound  is  washtil  out  with  a  two-]>er-cent  solution  of  carbolic 
acid  and  closetl  with  a  couple  of  sutures. 

Injections  into  the  intestine  are  made  by  carefully  ojwning  the 
abdomen  %vith  antiseptic  jirecautions,  gently  seizing  a  loop  of  the  in- 
testine, and  passing  the  point  of  the  syringe  through  its  walls  ;  the 
loop  is  then  returned  and  the  incision  in  the  walls  of  the  abdomen 
carefullj'  closed  with  sutures  and  drcs.seil  antiseptically. 

Inoculations  into  the  anterior  chamlier  of  the  eye  of  rabbits  and 
other  animals  have  fret|uently  been  pnictised,  and  offer  certain  ml- 
vantages  in  tlie  study  of  the  local  effects  of  pathogenic  microorgan- 
isms. The  animal  sliouUl  Ih.'  fjtstened  to  an  operating  board,  belly 
down,  and  its  head  hel<l  by  an  tissisttuit,  who  at  the  sanie  time  holds 
the  eyehda  apart.  The  conjunctiva  is  seized  with  fijrceps  to  steady 
the  eye,  and  an  incision  abimt  two  millimetres  long  is  made  through 
the  cornea  with  a  catai-act  knife.  Through  this  opening  a  small 
quantity  of  a  litiuid  culture  may  Ix'  injected,  or  a  liit  of  solid  material 
introduced  with  slender  ctirved  forceps. 

Onlinary  injections  give  but  little  j>ain  and  do  not  call  for  the  use 
of  an  amesthetic.  When  an.-Bsthesia  is  required  ether  will  usually 
l>e  preferable  to  chlorufonn.  Rabbits,  especially,  are  very  apt  to  die 
from  chloroform,  no  matter  hyw  carefully  it  may  be  administereil. 
Dogs,  rats,  and  mice  stand  ether  very  well.  The  smaller  animals 
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may  Ik»  hrrtught  iiiuler  the  ansesthetic  by  placing  them  in  a  covered 
jar  into  vhich  a  pledget  of  cotton  wet  with  ether  has  been  dropped. 
Before  making  injections  into  the  anterior  chamber  of  the  eye  it  is 
well  to  use  a  two-per-cent  solution  of  cocaine  as  a  lix^al  an^jsthetic 

Mice  which  have  been  inoculated  are  usually  kept  in  a  glas8  jiir 
having  a  wire-gauze  cover.  A  ijuantity  of  cotton  is  put  into  the  jar 
to  serve  as  a  shelter  for  the  little  animal,  and  it  is  well  to  partly  fill 
the  jar  wth  dry  sawduHt.  Larger  animals  are  kept  in  suitable  cagot 
of  wire  or  wowl,  and,  as  a  rule,  each  one  should  be  kept  in  a  separate 
cage  while  under  observation  after  an  inoculation  experiment. 

In  experimenting  upon  animals  the  following  points  should  be 
kept  in  view  and  noted  : 

{a)  The  age  and  weight  of  the  animal.     Young  animals  are.  as 
a  i"ule,  fnore  sustreptible  than  ulder  tmes,  and  with  nianj'  ]ia.thogi 
bacteria  the  lethal  dose  of  a  culture  bears  some  relation  to  th«? 
of  the  iuiimal. 

{b)  The  poIhI  of  inocniafion.  Injections  into  the  circul&tioo 
are  generally  more  promptly  fatal  and  require  a  smaller  dose  thaii 
those  into  a  serous  cavity  or  into  the  connective  tissue.  Pathogenic 
bacteria  intri>duced  into  the  alKlominal  cavity  reach  the  circulation 
more  promptly  than  those  injected  subcutaneously.  But  certain 
mirniorganiams  owe  their  pathogenic  fxjwer  to  the  local  eflFect  about 
the  iK)int  of  inoculation  and  the  al)sorption  of  toxic  pnxlucts  fonneil 
in  tlie  limited  tirea  invaded,  and  do  not  enter  the  general  circulatiun. 
or  at  least  <lo  ntjt  midtiply  in  the  circulating  tiuid,  and  quickly  dis- 
appear from  it, 

(b)  The  age  of  the  culture  injected.  Old  cultures  sometimeij 
have  greater  and  sometimes  less  pathogenic  i>otency  than  recent  cul- 
tures. Some  kinds  of  virus  l>ecome  *'  attenuated  ''  when  kept.  Bui 
when  the  pathogenic  pi>wer  depends  chiefly  uptm  toxic  products 
formed  during  the  groAvth  of  the  Ivacteria,  old  cultures  are,  as  a  nile, 
more  potent  than  those  recently  matle, 

(rf)  The  mediiun  in  irhich  the  putho<jeuic  lutcteria  are  ««»- 
jyended.  Cultures  in  albuminous  media,  like  blood  serum,  are  in 
some  cases  more  potent  than  bouillon  cultiu-es  ;  aud  the  vinilence  of 
several  pathogenic  bacteria  is  greath'  intensifieti  by  successive  cul- 
tures— by  inoculation — in  the  Ixxlies  of  susceptible  animals.  Ogstoo 
found  that  pus  cotxi  cultivated  in  the  interior  of  eggs  had  an  in- 
creased virulence.  Accortling  to  Arloing,  Cornevin,  and  Thonutfl, 
the  activity  of  a  culture  of  the  bacillus  of  symptomatic  anthrax  i* 
doubled  by  adiiing  one-five-hundredth  part  of  lactic  acid  to  the  cal> 
ture  fluid. 

(e)  The  quantity  injected  is  evidently  an  essential  point  when 
the  result  depends  largely  upon  the  toxic  products  formed  in  the  cut- 
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txire  mcKiium.  It  is  also  an  essential  ix>iiit  when  jKithogenic  bacteria 
are  injecte<l  which  kill  suHceptible  animals  in  very  minute  doses,  for 
it  has  been  shown  by  the  experiments  uf  "Watson  Chejnie  and  others 
that  in  the  case  of  .some  of  these,  at  least,  there  is  a  limit  below 
which  infection  dties  not  occur. 

Inocnlatetl  animals  Hhcmld  be  carefully  nlwerved,  and  a  note 
made  of  every  spnptuni  indicating  a  departure  from  the  usual  con- 
dition of  health,  .such  an  fever,  less  of  activitj',  loss  of  api)etite, 
weakness,  emaciation,  diarrhoea,  convulsions,  dilated  pupils,  the  for- 
mation of  an  abscess  or  a  diffuse  cellulitis  extending  fi-om  the  ix>int 
of  inoculation,  etc.  The  temi)erature  is  usually  taken  in  the  rectnm. 
The  temiierature  of  small  animals,  like  rabbits  and  guinea-pigs,  va- 
ries considerably  as  a  result  of  external  condititms.  In  the  rabbit 
the  normal  temperature  mav  be  given  fis  about  10:4°  to  103"  F.  ;  in 
the  guinea-pig  it  is  a  little  lower. 

In  making  a  post-mortem  examination  of  an  inoculated  animal  it 
is  best  to  stretch  it  out  on  a  boiird,  l)elly  up,  by  tying  its  legs  to  nails 
or  screws  fastened  in  the  margin  of  the  board.  When  the  abdomen 
is  dirty,  as  is  usually  the  ca.se,  it  should  be  ccirefully  washed  with  a 
disinfecting  solution.  An  incision  through  the  skin  is  then  made  in 
the  mexlian  line  the  full  length  of  the  body,  and  the  skin  is  dis- 
sected back  so  cis  to  exp<^se  the  anterior  walls  of  thi»  alxlomen  and 
thorax.  These  cavities  are  then  carefull}'  itpened  with  a  sterilize<l 
knife  or  scissors,  and  the  various  organs  and  \'is(L'era  examined.  At- 
tention .should  al.so  he  given  to  the  apj>earances  at  the  point  of  in- 
ocidation.  To  ascertiiin  whether  the  microorganism  injected  has 
invaded  the  bloo<l,  smear  preparations  shf>uld  be  ma<Ie  with  blood 
obtaineil  from  a  vein  or  from  one  of  the  ca\nties  of  the  heart.  It 
will  Im:-  well  als<^  to  make  a  smear  preparation  from  a  cut  surface  of 
the  liver  and  spleen.  In  the  various  forms  of  acute  septicemia  the 
spleen  is  usually  found  to  be  enlarged.  If  but  few  microorganisms 
are  present  in  the  blooil  and  tissues  they  may  escaj>e  observation  in 
stained  smear  preparations,  and  it  will  be  neces.sary  to  make  cultures 
to  demonstrate  their  presence.  A  little  bloo<l  from  a  vein  or  fr<^>m 
one  of  the  cavities  of  the  heart  is  transferretl,  by  means  of  a  plati- 
num loop  {(ise)  or  a  sterilized  collecting  tuln?  (see  page  'iH),  to  a 
test  tube  containing  liquefied  imtrient  gelatin  Dr  ag>ir-tigar,  and  an 
Esmarch  roll  tube  is  made.  This  is  put  aside  for  the  development  of 
colonies  from  any  scattered  bacteria  Avhich  may  be  pre.sent.  As  a 
nde,  it  will  be  l>est  to  make  agar  cultures,  as  these  can  be  placed  in 
the  incubating  oven  at  35°  to  3H°  C,  Stick  cultures  may  also  be 
made  and  will  serve  to  show  the  presence  of  microorganisms,  but 
will  not  give  infonnation  as  to  how  numerous  they  may  be.  The 
roll  tube  also    has  the  advantage  of   showing  whether  there  is  a 
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mixed  infection  or  whether  a  pure  culture  of  a  single  microdrgaiiMn 
i»  t>littiint'*l  frijin  the  bkxxl.  In  the  same  way  cultures  may  be  maif 
from  materia!  ohtaiiietl  from  the  liver  or  npleen.  and  it  maj'  happ«i 
that  one  or  both  of  these  orgausi  contain  hat'teria  when  none  arv 
found  in  the  hlo<xl.  Before  paMwing  the  phitiuuni  nee<lle  or  collect- 
ing tube  into  the  organ,  the  surface,  which  hits  been  more  or  less  ex- 
]^i»,tH]  to  CO ntsuni nation,  should  he  sterilized  b_v  applying  to  it  a  hot 
Hpatula  :  then  at  the  mi»ment  of  lifting  the  spatula  the  8ierilized 
needle  is  introduced  into  the  interior  t>f  the  organ,  and  the  blood  and 
crushed  tissue  adhering  to  it  at  once  carried  over  to  the  culture  m*- 
dimn.  Or  blixnl  obtained  with  proper  precautious  from  a  vein,  a 
i-avity  of  the  heart,  or  the  interior  of  the  spleen  or  liver,  may  \f 
ii-sed  to  inoculate  another  animal. 

Animals  are  aluo  wometinien  inoculated  by  excoriating  the  cui!- 
aH  in  vaccination.  They  may  also,  in  rare  cases,  be  infected  by  in 
troilucing  culture.s  into  the  stomach,  either  mixed  with  the  food  in- 
gested or  by  injection  through  a  tute.  Infection  by  inhalation  is 
acconiplisheil  l>v  causing  the  animal  to  respire  an  atmosphere,  in  a 
properly  enclo.sed  space,  in  which  tlie  pathogenic  organism  is  siu* 
penditl,  by  the  use  of  a  spray  apparatus  fur  liquid  cultureB.  or 
some  form  of  powder  blower  for  p<)wders  c«mtaining  the  bacteria  in 
a  desiccated  conditinn. 

One  ineth«Kl  of  olit^iining  u  pure  culture  of  pathrjgenic  bacteria 
oonsistij  in  the  inoculation  of  susceptible  animals  with  material  con- 
taining a  pjithogenic  Hi>ecies  in  as«<.>oiati<in  with  others  which  are  not. 
When  the  blo^nl  is  invadetl  by  the  i>athi»genii*  sptK'ieH  and  the  aninuil 
dies  from  an  acute  scptic-emia.  we  may  usually  obtain  a  ptire  cul* 
ture  liy  inoculating  a  suitable  culture  meilium  with  a  minute  drop  of 
bUxxi  taken  from  a  vein  or  from  one  of  the  caWties  of  the  heart. 
Sometimes,  however,  a  mixetl  infection  occurs  and  some  other  mi- 
croorganism is  as8ociate<l  in  the  bliMwl  witli  that  one  which  was  the 
immediate  cause  of  the  death  of  the  animal. 
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Well-made  photomk-rograplis  are  unquestionably  superior  to 
drawings  made  by  hand  as  a  permanent  re4'ord  ui  morphological 
characters.  This  being  the  case,  bacteriologists  would  no  doubt  re- 
sort to  this  meth(»d  more  generally  but  for  the  technical  difficulties 
and  the  time  and  patience  retjuii-ed  in  overcoming  these.  Koch,  in 
his  earlier  studies,  gave  much  time  to  photographing  bacteria,  and 
with  very  remai'kable  success.  In  his  work  on  "  TrHumatic  Infec- 
tive Diseases  "  (1878)  he  stiys  : 

"  With  respect  to  the  illuKtratious  accomjianying  this  work.  I 
must  here  make  a  remark.  In  a  former  p>aper  '  on  the  examination 
and  photogi'aphing  of  iKieteria  I  expressed  the  wiwh  that  observers 
woidd  photograph  imthogenic  l>acteria  in  order  that  their  representH- 
tions  of  them  might  be  as  true  to  nature  as  possible.  I  thus  felt 
Injund  to  photograph  the  bacteria  discovered  in  the  animal  tis.sues  in 
traumatic  infective  diseases,  and  I  have  not  sjfured  trouble  in  the 
attempt.  The  smallest,  and  in  fact  the  most  iuteresting  bacteria, 
however,  can  only  be  made  visible  in  animal  tissues  by  staining 
them  and  by  thus  gaining  the  advantage  of  color.  But  in  this  case 
the  photographer  has  to  deal  with  the  same  difficulties  as  are  expe- 
rienced in  photographing  colored  objects — f.y.,  colored  tapestry. 
These  have,  as  is  well  known,  been  overcome  by  the  use  of  colored 
collodion.  This  led  me  to  use  the  same  method  for  ivhotographing 
stained  bacteria,  and  I  have,  in  fact,  sucreedod,  by  the  use  of  eosin- 
collodion,  and  by  shutting  off  portions  of  the  spectrum  by  coloit'd 
glasses,  in  obtaining  photographs  of  bacteria  which  ha<l  been  stained 
with  blue  and  red  aniline  dyes.  Nevertheless,  from  the  long  ex- 
posure required  and  the  unavoidable  vibrations  of  tbo  apparatiis,  the 
picture  does  not  have  sharpness  of  outline  sufficient  to  enable  it  to  be 
of  use  as  a  substitute  for  a  drawing,  or,  indeed,  even  as  evidence  of 
what  one  sees.  For  the  present,  therefore,  I  must  abstain  from  pub- 
lishing photographic  representations ;  but  I  hope,  at  a  subsequent 
I>eriod  when  improved  methods  allow  a  shorter  expoaure,  to  be  able 
to  remedy  this  defect." 

>  The  paper  referred  to  is  published  ia  Cotin'i  "Beitrage  zur  Biologie  d.  Pflauzrtn." 
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Since  the  above  was  written  considerable  progress  has  been 
in  removing  the  technical  diflficulties,  and  a  few  bacteriologristB  hare 
succeeded  in  making  very  satisfactory  photoniicrognijjhs.  As  speci- 
mens of  what  may  be  dune  with  the  Ix'st  apparatus  and  the  highest 
degree  of  skills  we  uvdy  call  attention  to  the  pliotoiiiicrograplis  m 
the  Atlas  drr  Bakicrit'itkinide  ot  Fninkel  and  PfeifFcr.  and  thoa^ 
of  Roux  in  the  Aimah'fi  of  the  Pn.sft'nv  hmtitttte.  The  writer,  alstt, 
has  devoted  niui-h  time  to  making  j)hotomi(Tographs  which  bane 
siTvinl  as  illnstratiuns  fur  several  of  his  published  works. 

Those  who  luive  had  no  practical  experience  in  making  photo- 
micrographs are  apt  to  expect  ttxj  much  and  to  underestimate  thr 
technical  difficulties.  Objects  which  under  the  microscope  give  a 
beautiful  picture,  which  we  desire  to  re[)roiluce  by  photography,  niar 
be  entirely  unsuited  fur  the  j)urp(»se.  In  photographing  with  high 
p<^)wei"8  it  is  necesHtiry  that  the  ubjects  to  Iw  pliutogi-aphed  bo  in  a 
single  plane  and  not  crowded  together  or  overlying  each  other. 
For  tliis  reason  ithutographing  bacteria  in  sections  presents  specinl 
difficulties,  and  satisfactury  results  can  unly  bo  ulitainctl  when  the 
sections  are  extremely  thin  and  the  bacteria  well  8taine<l.  Even 
with  the  best  preparations  of  this  kiiul  much  care  niust  be  taken  in 
selecting  a  field  fur  photography.  It  must  l>e  remembered  that  tljf 
expert  micros^'opist,  in  examining  a  section  with  high  powei-s,  hA.- 
his  finger  on  the  fine  adjustment  screw  an»l  ftKiises  up  and  down  l.i 
bring  different  planes  into  view.  He  is  in  the  habit  of  fixing  his  at- 
tention on  that  part  of  tht*  field  which  is  in  the  focus  and  dis; 
ing  the  rest.  But  in  a  photugiuph  the  part  of  the  field  not  in  f< 
api>ears  in  a  prominent  way  which  mai-s  the  beauty  of  the  pictute. 
In  a  cover-glass  prcjKiration  made  from  a  pum  culture,  when  the 
bacteria  are  well  distributed,  this  tlitficulty  docs  not  present  itself,  a» 
the  bacteria  are  all  lying  in  a  single  plane;  but  the  iKirtion  of  tbefleld 
which  can  bo  sho^vn  at  one  time  is  limitwl  by  the  spherical  alN*rm- 
tion  of  the  objective,  which  the  makers  do  not  seem  able  to  overxxitnc 
in  high-iK)wer  lonsi^s  of  wide  angle,  at  least  not  without  loes  of  de- 
fining power. 

Usually  preiwinitions  of  bacteria  are  stained  for  photography, 
but  with  some  of  the  larger  fonns,  such  as  the  anthra.ic  bacillutt. 
very  satisfrn'tory  photouiicrograjths  may  be  maile  from  unstained 
pn»p»iration».  In  this  wise  a  small  (juantity  of  a  recent  culture  is 
put  upon  a  .slide,  covi.-retl  with  a  thin  cover  glass,  and  phicetl  at  once 
u|>on  the  stagt*  of  the  mici-oscoj^e.  The  main  difficulty  to  be  encoun- 
tered reBulta  from  the  change  of  loctition  of  tlie  8U8{)ende<l  bacteria 
resulting  fr»>m  the  pressure  of  the  c»bje<^'tive  in  focussing.  Motile 
bacteria,  of  course,  cannot  be  photugniphed  in  this  way  without  first 
arresting  their  movements   by  means  of  some  germicidal  agent ; 
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and  in  general  it  will  be  found  more  twttisfactorj*  to  fix  the  micro- 
organisms to  be  photographed  to  a  slide  or  cover  glass  by  desiccation 
and  heat,  and  to  stain  them  with  one  of  the  aniline  colors. 

Objects  which  are  opaque  cannot  Iw?  photographed  by  transmitted 
light,  and  objects  Avhich  have  a  dee]>  orange  or  red  color  are  practi- 
cally opacpie  for  the  actinic  rays  which  iire  at  the  inolet  end  of  the 
spectrum.  Such  objects  simply  iIIte^cept  the  light,  hut  this  gives 
the  outlines,  and,  where  there  are  no  detaiLs  of  structure,  is  all  that 
is  required  to  illustrate  the  form  and  mode  of  grouping.  Softer  and 
more  satisfactory  photomicrographs  of  bacteria  are  made  when  the 
staining  is  not  such  as  U>  entirely  arrest  the  actinic  rays.  Among 
the  aniline  colors  Bismarck  brown  and  vesuvin  are  the  most  suiUil)le, 
care  being  taken,  with  the  larger  bacteria  especially,  not  t«  make 
the  staining  too  intense.  Objects  which  are  trans{Mircnt  for  tlie  ac- 
tinic rays,  or  nearly  so,  giv<<  a  very  ft'eble  photographic  image,  or 
none  at  all,  on  account  of  the  want  of  contrast  in  the  impression 
made  upon  the  sensitive  plate.  This  is  the  ca.se  when  we  attempt  to 
pliutograph.  by  ordinary  wliite  light,  objects  which  are  stidned  violet 
or  blue.  But  tliis  want  of  ctmtrast  iti  the  negative  can  be  overcome 
by  the  use  of  sjiecially  prepared  [ilatcs  and  colored  screens  of  glass 
interposed  between  the  object  and  the  source  of  light.  The  so-called 
orthochromatic  plat*"S  are  more  sensitive  to  the  rays  toward  the  red 
end  of  the  siKHi-trum  than  ordinary  plates.  They  are  {jrepared  by 
treating  the  plates  vN-ith  a  solution  of  eosin,  of  erythrosin,  or  of  rose 
l)engal  (^'ogel).  and  may  now  be  purch^used  in  this  country  from 
dealers  in  dry  plate;*.  If  we  shut  off  the  violet  i-ays  by  the  use  of  a 
yellow  screen,  objects  having  a  yellow  or  orange  color  may  be  pho- 
tographed upon  orthochromatic  plates,  although  the  time  of  exposui'e 
u-ill  be  quite  long  owing  to  the  coni])aratively  feeble  actinic  power 
of  the  yellow  rays. 

We  may  also  make  photomicrographs  of  objects  stainetl  vrith 
methylene  blue  or  with  fuchsin.  he<'ausi<  objects  staintnl  with  tliese 
colors  are  opaque  for  the  rays  from  the  rtnl  end  of  the  s]}ectrinu,  and 
sufficiently  so  mth  yellow  light  to  give  a  good  photographic  con- 
trast. Friinkel  and  Pfeiffer  recommend  the  use  of  a  green  light-fil- 
ter (green  glass  screen)  for  all  iircparations  stained  \\itli  methyl  \-\o- 
let,  fuchsin.  or  methylene  blue;  and  f<tr  brown-stained  prepanitions  a 
pure  blue  light.  The  writer  has  been  in  the  habit  of  using  a  yellow 
glass  screen  for  fuchsin -stained  preiiarations.  and  has  had  e.Kcellent 
results,  but  the  time  of  exposure  is  necessarily  long:  A  yellow  glass 
8<-Teen  may  be  preparetl  by  dissoh-ing  tropfeoliii  in  negative  varnish, 
and  pouring  this  ujiou  a  clean  glass  sHde.  where  it  is  permitted  to 
dry. 

To  Hhow  bacteria  in  photographs  in  a  satiflfa<"tory  manner  we 
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reijuire  an  ampiijicafion  of  five  hundred  to  one  thousand  diamc 
and  as  it  is  often  desirable  to  make  fomparisons  as  to  the  dimen- 
sions of  microorganisms  which  resemble  each  other  in  form,  it  is 
l)eHt  to  a<lopt  a  standard  amplification.  The  writer  ha»  himself 
adojrted,  and  would  recommend  to  others,  a  standard  amplification 
of  one  thouiULnd  diameters.  This  is  about  as  high  a  magnifying 
power  as  we  csin  get  with  satisfactory  definition,  or  as  we  ivquire. 
mid  it  is  a  convenient  number  when  measurements  are  made  from 
the  photograph.  The  beginner,  after  having  jnit  his  apparatus  in 
position,  should  focus  the  lines  of  a  stage  micrometer  up<»n  the 
screen  with  the  optical  apparatus  which  he  proposes  to  use  ;  then  bv 
moving  the  screen  forward  or  back  as  retjuired,  and  carefully  f«x;us- 
sing  the  hues,  he  will  ascertain  what  is  the  jmsition  of  the  screen  for 
exactly  one  thousiind  diameters.  If  the  stage  micrometer  is  ruliil 
with  lines  which  are  one  tme-thoustuidth  of  an  inch  apart,  it  is  e\i- 
dent  that  when  projected  u|K>n  the  screen  they  should  l>e  one  inch 
apart  to  make  the  amplification  one  thousand  diameters.  But  it 
must  l>e  remembered  tliut  any  change  in  tlie  iMisitimi  of  the  optical 
combination  will  change  tlie  amplification.  If,  therefore,  the  cover 
correction  of  the  objective  is  changed,  or  the  position  of  the  eyepiece 
— if  one  is  usetl — it  will  be  necessary  to  again  adjust  the  distance  of 
the  screen. 

Apparatus  required. — A  first-ctass  immersion  objective  of  one- 
twelfth  of  an  inch  or  higher  power,  a  sultstantial  stand  which  can  be 
placed  in  a  lumzontal  |K>sJtiun,  and  a  camera  which  can  be  couple<i 
with  the  microHCfipe  tube,  are  the  essential  jdeces  of  apparatiLs.  If 
sunlight  19  to  be  u.ned  a  heliostat  will  also  be  required. 

The  oil-immersion  objectives  of  any  good  maker  may  be  used. 
but  the  apochromatic  objectives  and  projection  eyepieces  of  Carl 
55eis8,  of  Jena,  are  esi.»ecially  to  be  recommended.  Indeed,  those  who 
can  afford  it  will  do  well  to  get  Zeiss*  complete  apjMiratus.  ^rhich 
includes  a  stiuul  having  a  mechanical  stage  and  a  camera  mounted 
upon  a  met4il  frame  conveniently  provided  with  ftK'ussing  applianci-s. 
etc.  However,  gmxl  work  may  be  done  with  less  expensive  apiMi- 
ratus. 

The  stand  should  l>e  substantial  and  well  made,  with  a  delicate, 
fine  atljustment.  A  ineclumical  stage  is  not  essential,  but  is  a  great 
convenience  in  finding  and  adjusting  to  the  centre  of  the  screen  a 
satisfactory  field  to  photograph.  The  substage  should  be  prt>vi<letl 
with  a  giMwl  ajHK-hromatic  condenser,  ami  with  appliances  for  moving 
the  Ciindensing  lens  forward  and  back  and  for  centring  it,  with  tlia- 
phragms,  etc. 

By  the  use  of  a  high-power  objective,  like  the  one-eighteenth-inch 
oil-immersion  of  Zeiss,  the  desirml    iunplific^tiou  may  be  obtained 
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tained  at  the  expense  of  definition.     But  an  amplifier  may  he  nstnl  in 

the  tuhe  of  the  microscope,  as  first  recommended  by  \Vo<^i\vard.     lu 

this  case  the  amplifier  must  be  carefully  adjustcfl  with  reference  to 

the  dintjmce  of  tlie  s<_Teen,  to  secure  tlie  liest  |>o8.sible  definition. 

The  projection  eyepieces  of  Zeiss  are  constru<-ttHl  eajx-cially  fnr 
photography  and  po.sse88  a  decided  advantage.  By  tfie  use  of  his 
thrw-milliraetre  apochromatic  oil-immersion  olijfctive  and  projec- 
tion eye[>iece  No.  3  we  may  obtain  an  amplification  of  one  thousand 
diameters  with  exi'ellent  definition. 

Liijhf. — Sunlight  is  in  many  n-sjiects  the  most  satisfactory  for 
ph(jtography,  but  has  the  disiwlvantage  that  it  is  not  always  available. 
In  some  sections  of  the  country  weeks  may  pa.ss  without  a  single 
clear  day  suitable  for  making  photomicrographs.  In  atldition  to  the 
uncertainty  arising  from  cloudy  weather,  we  have  to  contend  with 
the  fact  that  tlie  sun  is  t»nly  available  for  use  with  a  heliostat  for  a 
limited  time  during  each  day,  and  that  this  time  is  greatly  restricted 
in  Northern  latitudes  during  the  winter  months.  When  sunlight  is 
to  he  employed  the  microscope  and  camera  must  be  .set  up  in  a  room 
having  a  southern  exposjvro  on  a  lini"  corresponding  with  the  true 
meridian  of  the  pW*e.  Tlie  heliostat  is  placinl  outside  the  window  in 
such  a  position  that  when  properly  adjusted  tlie  light  of  the  sun  will 
fall  upon  the  condeu-ser  attached  t<>  the  subst<igo  of  the  micro»coj)e. 
The  condenser  must  be  carefully  centrL*d,  so  that  the  circle  of  light 
falling  ujnin  the  screen  shall  be  uniform  in  intensity  and  tmtline. 

The  calcium,  magTiesiimi,  or  elei^tric  light  may  be  used  aa  a  sub- 
stitute for  Hunliglit,  but  they  are  all  rather  expensive,  unle.ss,  in  the 
case  of  the  electric  light,  a  suitiible  current  is  avaihible  without  the 
expense  of  generating  it  for  the  sjwcial  puqMise  in  view.  The  writer 
has  obtained  very  gowl  resultw  with  the  calcium  light,  but  has  no  ex- 
perience in  the  use  of  the  electric  liglit.  WoiHlward,  as  a  result  of 
extended  experiments,  arrivetl  at  the  conclusion  that  "  the  electric 
light  is  by  far  the  Iw'st  of  all  artificial  lights  for  the  protluction  of 
photomicrographs."  He  u.sed  a  Grove  battery  <>f  fifty  elements  to 
generate  the  current,  and  a  Duboscq  lamji.  The  current  from  a 
d\^lamo  would  no  doubt  be  much  chea{)er  and  more  conveniently 
used,  if  an  electric-lighting  plant  was  in  the  vicinity. 

The  apparatus  shnwn  in  Fig.  73  wits  designed  by  Mr.  Pringle  for 
the  use  of  the  calcium  light.  It  will  serve  to  illustrate  the  arrange- 
ment of  the  microscope  and  camera  in  connection  with  any  other 
light  as  well.  An  oil  lamp  may  be  placed  in  the  iK)sition  of  the  ox}'- 
hydrogen  burner  ;  or,  if  sunlight  is  to  be  employed,  a  heliostat  will 
be  placed  in  the  same  position. 
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to  the  technique  of  making  pbotumuTographs,  Imt  uiiiteiul  un  account 
uf  a  form  of  a]iininitus  which  we  have  used  with  great  satisfaction  : 

^'  Phofomicrography  by  GctMh'ghf. — Those  who  have  had  much  experience 
in  makiiig^  phototnicrugrtxphs  will  agree  with  uie  that  one  of  the  most  essen- 
tial eleinetitsof  success  is  the  use  of  a  stiibible  source  of  illumination. 

"  Without  question  the  direct  lij^rlit  of  the  sun,  ivtiet'ted  ia  a  right  h"ue  by 
the  mirror  of  a  lieliostat.  is  tlie  most  econoiiiicitl  and,  in  soiue  respcLis,  tlie 
most  sjitisfaftory  lijrht  tliut  van  1h^  ust'd.  But  we  cannot  coinniaiid  tliisHglit 
at  all  times  and  places,  aud  it  ftffcii  liumiens  tliat.  when  we  arc  readv  to  de- 
vote a  day  to  niukitig  fjliolomicro^i'rapns,  the  sun  is  ahsi'ured  by  clouds  or 
the  atmo3|ihen'  is  hazy.  Iiidei'd,  in  smuc*  latitudes  and  at  certain  sl-usujis  of 
the  year  a  suitable  day  for  the  purpose'  i.s  extremely  nire.  The  use  of  sun- 
light also  requires  a  rootn  having  a  soutiiern  exposure  and  elevated  above  all 
surrounding-  buiklinjEpi  urother  objects  by  whicli  the  diwct  i-ays  of  the  sun 
would  be  intercepted.  For  these  i-eastws  a  satisfactory  artificial  light  is  ex- 
tremely di*sirable. 

"  The  ox3'hydrogen  lime  light,  the  magnesium  light,  and  the  electric  arc 
light  have  all  been  employed  as  n  substitute  for  the  ligljt  of  the  sun.  and  all 
give  satisfactory  i-esults.  I  have  myself  made  rather  extensive  u^e  of  (iu* 
■  lime  licrht,*  and  think  it  the  best  subslilute  for  solai-  light  with  which  1 
am  familiar.  But  to  use  it  continuously,  day  after  day,  is  attended  with 
ctinsidenible  expense,  and  the  frequent  renewal  of  the  supjdy  of  gas  which 
it  calls  for  is  an  inconvenience  which  one  woukl  gladly  dispense  with. 

"  These  considerations  have  led  some  microscopists  to  usi*  an  oil  hniip  as 
the  souwe  of  illumination,  and  very  satisfactory  photfimicrographs  with 
comparatively  high  power  have  been  n.ade  witli  thi.s  cheap  and  con venieiit 
light.  But  ill  my  cxi>ericrice  the  l>est  illiiiniiiatioii  whtch  I  havR  bcei)  able 
to  se«.'ure  with  an  oil  lamp  has  called  for  vei-y  littig  expoNni-es  wiieii  working 
with  high  po«vei-s,  and,  .as  most  of  my  photomicrographs  of  bacteria  are 
made  with  an  amplilicaiiou  of  one  thousand  diameters,  I  require  a  more 
powerful  illumination  thuii  I  have  been  nhle  to  secure  in  thi.s  way.  And 
especially  so  becau.se  oftlie  fact  that  a  cohutn:!  screen  must  be  inter|x>sed. 
whicli  shuts  otf  a  lartje  jxulioii  of  the  actinic  rays,  on  account  iif  the  staining 
agent  usually  emiiloyed  in  making  my  mounts.  Tlie  most  satisfactory 
staining  agents  for  the  bacteria  ai-e  an  a(|ueiuis  sohition  of  fuchsm,  or  of 
methylene  blue,  or  of  gentian  violet;  anil  all  of  these  colors  are  so  nearly 
ti-ansparent  for  the  actiuic  rays  at  the  violet  end  of  the  spectrum  that  a 
satisfactin-y  pholoyriiphic  contrast  cannot  be  ubtaiueil  unless  we  shut  off 
these  rays  by  a  coli>red  screen. 

'■  I  am  in  the  habit  of  using  a  yellow  screen  f<ir  ni}-  preparations  stained 
with  fuchsia  or  methylene  blue,  and  have  obtained  very  satisfactory  i-esults 
with  the  ortliochn>matic  plates  manufactured  by  Carbutt,  of  Philudelpliia, 
and  a  glass  screen  coated  with  a  sokition  of  tn)|ia'olin  dissolved  in  gelatin. 

"  But  with  such  a  screen,  wlncli  shut.s  olF  a  large  ]nirtiou  of  Itio  actinic 
light  and  increa.ses  the  time  of  exposure  thr<>e-  or  fourfold,  the  use  of  an 
oil  lamp  becomes  impracticable  willi  higli  powej"s,  on  account  of  the  feeble- 
ne.ss  of  the  illumination. 

"These  considerations  have  led  me  to  e.xperiniei)t  with  gaslight,  and  the 
simple  form  of  apparatus  which  I  am  about  to  describe  is  the  i"esult  of  these 
experiments.  I  have  now  hud  the  apparatus  in  u.so  for  several  nioiith.s, 
during  which  time  I  have  made  a  hirge  numlx-r  of  vi-ry  sjitisfactory  plioto 
microgniphs  of  bacteria  from  fiichsiiistained  prejKirations  with  an  amplifica- 
tion of  one  thousand  diameters.  My  i)liotograMhs  have  Iw-en  made  with  the 
tliree-millimetre  oil-immersion  ajKichromatic  onjt-ctive  of  Zei.ss  and  his  pro- 
jection eyepiece  No.  3.  I  use  a  large  Powell  and  L^^'aland  stand,  upon  the 
substage  of  which  I  have  lilted  an  Abbe  condenser.  The  arrangement  of 
the  apparatus  will  be  readily  uudei'stiwd  by  ivfereuce  to  the  accompanying 
ligure. 

"A  is  the  camera,  which  has  a  pyramidal  bellows  front  supported  by  the 
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heavy  bloi'k  of  wood  B;  this  can  be  pushed  back  upon  the  baseboard  which 
supjKMls  it,  so  as  to  allow  the  operator  to  place  his  eye  at  the  eyepiece  of  the 
tiiieroscope.  When  it  is  brought  forwartl  an  ajjerture  of  the  proper  siie  ad- 
mits the  outer  extwmitv  of  the  eyepiece  and  shuts  off  all  Htjiit  except  that 
eomtng  tlirongh  the  ook'etive.  C  is  the  microscope,  and  D  the  Abbe  con- 
denser, supported  upon  the  substage,  E  is  a  thick  asbestos  screen  for  pro- 
tecting; the  nucitiscope  from  the  heat  given  off  by  the  battery  of  gas  bumera 
F.  This  asbestos  screen  has  an  apertui-e  of  proper  dimensions  to  admit  the 
light  to  the  coiidensjr  D.  The  gas  burners  are  arranged  in  a  series,  with 
the  flat  p<jrliou  of  the  flame  facing  the  aperture  in  the  asbestos  screen  E. 
Tlie  concave  metallic  mirrttr  G  Ls  pruj>erly  placed  to  reflect  the  light  in  the 
desired  direction.,  I  have  not  found  any  utlvantage  in  the  use  of  a  condens- 
ing lens  other  than  (he  Abbe  condenser  upon  the  substage  of  the  microscope. 
The  focussing  is  accomplishefl  by  means  of  the  rod  I,  which  carries  at  one 
extremity  a  grooved  wheel,  H,  whioh  is  connected  with  the  line  adjustment 
screw  of  the  microscope  by  means  of  a  coi-d. 

"The  focus.sing  wheel  J  may  he  slipped  along  th«>  rotl  1  to  any  desin>d 
]>osition,  and  is  retained  in  place  by  a  set  screw.     The  rod  1  is  supported 
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above  the  camera  by  arms  depending  from  the  ceiling,  or  by  upright  arms 
attached  to  the  baseboard. 

"  I  have  lost  many  plates  from  a  derangement  of  the  fcxral  adjustment 
resulting  from  vibrations  causeil  bv  the  passing  of  hiaded  wagons  in  tli«f 
street  adjoining  the  laWratory  in  wliich  I  work.  This  has  been  overcome 
to  a  great  degree  by  placing 's(jft  rubber  cushions  under  the  whole  app«- 
i-atus." ' 

I  have  recently  (1805)  seen  a  gaslight  which  1  believe  would  prove 
to  be  a  valuable  substitutt-  for  ordinary  street  gas,  and  I  judge  that, 
owing  to  its  i!iU|)orior  brilliancy,  a  single  jet  would  suffice  to  replace  the 
five  burners  iu  a  linear  series  which  are  Hhown  in  tlie  above  figure. 
The  gas  referred  to  is  acetylene,  which  may  now  l>6  obtained  in  a 
liquid  form  in  strong  metal  cylinders,  lleference  has  already  been 
made  to  the  use  of  an  oil  light,  and  for  low  jjowers  an  ordinary  lamp 
with  a  flat  wick  may  lie  used.  That  bacteria  may  bo  .successfully 
photographed,  with  an  amplification  of  one  thousand  diameters,  by 
means  of  an  oil  lamp  is  shown  by  the  l>eautiful  photomicrographs 
made  by  Capt.  W.  C.  Borden,  Assistant  Surgeon  U.  S.  Army. 
At  my  re«iuest  Dr.  Bonlen  has  prepared  the  following  detailed 
aooonnt  of  his  mcthiwl : 

'From  Johnn  Hopkins  University  Circulars,  vol.  ix..  No.  81.  p.  7%. 
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DESCRIPTION    OF     APPARATUS    FOR    PHOTOMICROGRAPHY    BY     OIL 

LIGHT. 

The  apparatus  cfmsists  of  a  csimera,  hunt  in  a  vertical  position,  of  a 
microscope  with  aubstagc  foink- users,  suitable  obji-rtives  antl  projectioTi 
oculars,  and  a  Laverne  tri-wick.  oil  stereopticon  witli  the  projection  objec- 
tive removed. 

TIte  Light. — After  trying  all  kinds  of  tamps,  I  found  that  the  best  illu- 
mination foukl  lie  obtaiiietf  by  usintr  a  tri-wick  Btereoptic(>n  with  the  ]vro- 
jf'ftion  objective  removed,  the  ruidiiie  wick  orilv  Uniinr  lifrlited.  The  large 
four-inch  condensers  serve  to  cutieentrate  the  light,  whde  the  double  lantf  rn 
Ijody  jirevents  the  nuliation  of  lu-at  to  the  mici-oscope  and  shuts  otf  all  raiHat- 
iiig  lig^ht.  C'onseciuently  the  mici-oscope  does  not  ijecome  hcatfd,  and  if  the 
ro»:«m  isdarkened  the  absence  of  extraneous  light  givady  aids  in  focussing  on 
the  camera  screen.  The  oil  lifrht  itself  is  quite  yellow  and  so  nearly  mono- 
clu-omatic  that  with  orthocbromatic  plates  a  color  screen  is  seldom,  if  ever, 
required.  After  experimenlinjr  by  taking  photographs  with  and  without  a 
sci-eeri,  I  have  found  no  particular  dill'er«'nce  in  result  even  when  plioto- 
grapliinjf  dilTicult  bacteria,  and  now  seldom  use  one.  If  a  screen  b*  used  a 
solution  of  bichromate  of  |Kit;».sh  aud  sulpliate  <>f  copper  in  dilute  ammonia 
water  placed  in  a  trt>ugh  between  the  lajiteni  and  microscope  gives  e.scellent 
it'sults  and  does  not  materially  lengthen  the  time  of  exixjsure.  The  lantern 
is  placed  al)Out  twelve  iJiclu'S  ni  fi-ont  of  the  niicroscojie  and  with  its  central 
long  a.vis  in  a  plane  whic-ii  extends  througli  the  centi**"  of  the  microsco^>e 
mirror,  thesubstago  condenser,  the  objective,  ocular  aiul  centre  of  camera. 

Microscope. — The  microscope  is  useil  in  the  upriLjlit  jro.sition.  I  jiave 
useil  this  p<isition  rather  than  the  horizoiit.;d  for  several  t-ea.'wins.  The 
micmscojie  is  used  on  the  work-table  in  an  u]u'iglit  |K)sition,  and  in  working 
when  an  object  is  found  which  it  is  desire*!  to  photograph,  the  niici'(>scoi>e 
without  changing  adjushiieulH  has  only  to  be  carried  h)  the  pholoniicro- 
g'raphic  ai)paratus,  placed  in  position,  correct  adju.stinenls  of  light  made,  the 
camera  racked  into  contact  and  the  exposure  made.  With  a  conveniently 
placed  dark  room  the  whole  operation  will  occupy  but  a  few  minutes.  The 
upright  position  is  iietessilated  when  liquid  preparations,  jvs  colonies  of 
Imcteria  floating  on  liiiuelied  gelatin,  ai-e  to  be  pliotograjjhed,  or  when  the 
microscope  is  u.sed  for  cUnical  photomicrogi-ajdiy,  iia  in  photographing  uri- 
nary deiHisita  in  urine,  bhw id  corpuscles  in  Thonia  bt<x>tl  counter,  etc.  In 
hacterioli»glcal  work  whei*  th(^  bacteria  are  stained  on  the  cover  and  after 
mounting  the  balsam  is  not  quite  ilry,  the  cover  is  a|)t  to  slip  if  the  niicro- 
scfjpe  is  used  horizontally,  but  liiis  does  not  occur  with  the  inicrosco|ie  placed 
vertically.  The  horiitontal  position  and  long  extension  of  cauiera  is  nece.s- 
sarv  for  certain  work,  particularly  where  large  pictaufs  (re.,  nv<-r  four 
inclies  in  ihamotei)liavetobe  tiiken,  or  whet-e  it  is  desired  to  obtain  high  am- 
plitlcation  by  exten.sion  of  camera  rather  than  by  high  eyepiecing,  or  in 
photographing  test  diatoms  with  vei'v  Jiigh  i<m|>lilications.  For  practical 
work,  however,  un  to  amjdificatioiis  of  one  thousand  diameters,  and  for 
photographs  for  illustration  or  reproehictton,  which  are  seldom  required  of 
over  three  and  nnc-half  or  four  niches  in  diameter,  the  upright  jHisitLon  is 
much  to  he  preferreil  on  account  of  its  ease  of  application  and  its  practical 
advantages. 

Camera. — The  upright  position  of  the  microscope  necessitates  a  similar 
position  for  the  camei'a.  To  allow  eiLsy  working,  the  camera  is  htmg  on  a 
i-ack-work  atttK'hetl  to  a  rigid  upright.  The  upright  is  placed  to  the  right  of 
the  microscope  so  that  it  will  be  out  of  the  way  while  working. 

Both  the  upjier  and  the  lower  ends  of  the  canjera  aif  movable  on  the 
rack-work.  The  upper  end,  which  carries  the  screen  and  plate-holder,  is 
movable,  in  order  that  ditFereot  auiplilkations  within  limits  can  be  gotten 
with  the  .same  objective.     The  lower  end  is  movable  that  it  may  b*'  rackeil 
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up  ami  out  of  the  way  aud  allow  the  operator  to  manipulate  the  inic_        

before  altai-liiiig'  the  camera.  The  bellows  has  an  extension  of  two  feH, 
iiieaKiireil  from  the  eyepiece  of  the  microscope  to  the  fooiis.siiip  screen.  This, 
with  a  two-niilhiiifter  (»l>jective  and  projection  ocular  4,  gives  oil  ainplitic«- 
tiori  of  one  thousand  lUiiiueters.  Witli  less  extension  of  bellows  antf  lower 
objipctives  amp] ilical ions  ranging  (tov^n  t<i  ten  diameters  may  be  obtained. 
In  ftjcu.ssinjf,  (tie  i>|HT{itorcuii,  by  standing,  observe  the  linage  on  the  scrwu 
with  a  focus-siiig  jrlit.s.s  atnl  manipulate  the  line  adjustment  of  the  niicroscojir 
witlt  hia  haiul  witliout  u.sing  a  foi'ussiug  iikI.  thong!)  a  suitable  focussing  nnl 
can  bfi  eiLsilv  fa-«tetied  to  the  catnera  upright  if  desired. 

Setting  Xfp  the  Apparatxx. — The  camera  iM-iiig  hung  on  the  rack-work, 
the  microwojje  is  phiced  lieneath  it,  a  stage  micrtuneler  is  placed  on  the  stage 
and  a  medium-power  objective  and  eyepiece  attached  to  the  niicrnscopr. 
Light  is  retleeted  from  tlie  hinlern  uptvii  the  object  by  the  mirror  of  the 
niicriwcrope,  tlie  otwerver  aceui-ately  centres  the  micrometer,  then  removing 
the  working  eyepiece  a  jH'ojeclion  ocular  w  iu-serte*!,  the  camera  rackwl 
down,  and  with  the  image  of  the  niit-rnnieter  proje«'l«Ml  <ui  ihe  cajnera  sftwtx 
the  uiici*o8eo|M'!  is  luiived  in  fiucli  [lositiou  tliat  the  centre  of  the  micr«>m«"t*fr 
image  is  exactly  in  the  ceutM'  of  tiie  screen.  This  piisition  of  the  niicr<>M-c»j* 
is  marked  once  for  all,  and  whi-iuver  afterward  (fie  uiicrosc-ope  i.s  placed  m 
the  Kiuuc  plai'e  the  centre  ttf  the  object  will  be  [projected  on  the  centre  of  the 
.scre<'n.  To  corre<'tly  phu'e  (he  lantern,  a  lower-power  t»bjective  i.s  used,  lo- 
getlier  with  a  higli-[H>wer  (.\blR')  <(»mlens«'r.  The  (►lyective  is  accurat«dy 
tocus.sed  on  the  linc.sof  the  stjige  micrometer:  by  adjusting  the  Kubstagu  con- 
denser a  clear  iniiige  of  the  laiiiji  Hame  is  pii»j<'cted  on  the  plane  of  the  ob- 
ject (micrometer)  and  Ihe  lantern  i.s  moved  to  such  |K>.Kition  that  the  ima^ 
wdl  Iw  central.  If  llie  camera  is  attache«l,  ttio  image  will  appear  cenind 
oti  the  fo«'us.sing  sci*eeii. 

This  position  of  the  lantern,  like  that  of  the  microscope,  should  be  flxpd-^ 

To  Phnt<t{iraj>h. — In  photographing  by  oil  light  with  all  but  the  Io« 
(Kjwers  Borne  form  of  suhNtagt^  condenser  i.s necessary.  This  is  due  to  the  I 
that  the  source  «if  lij^ht  must  always  be  focuKsed  on  the  object  in  order  to  £ 
proper  detinitiou.  In  working  with  the  objectives  of  four  milliuietrea 
lower,  it  will  Imi  found  advantageous  to  use  objectives  of  lower  power 
sui»stage  condensers,  for  it  will  ho  fouml  (liat  if  placed  in  the  substagT'  for 
ortliniiry  work  they  gn-atly  improve  the  deliiiitioii  of  object,-*.  In  fai-t  it  may 
lie  laid  down  ;is  a  general  rule  that  what<'ver  with  a  given  light  gives  tM 
l>e8t  deliniticm  tothn  olwerver's  eye  will  give  the  shari>e.st  photogniphic  imagv. 
Con8e<|uently,  in  yugli-]H>wer  work  whei-e  a  cotuhmser  i.s  usee!  it  will  seltUtm 
Iw  neces-sary  to  change  the  mii'roscoi>o  attachments  when  a  photo>^raph  lias 
to  1m_'  taken;  for  in  hm-lenological  work  the  Abln*  conden.'^er  which  giv« 
giHMl  definition  will,  when  projx-rly  adjusted,  give  gmnl  photographic  dt-ti- 
nition  also,  statements  to  the  contniry  notwithstanding. 

To  photograiih.  placn?  tho  microscope  and  lantern  in  position,  li|cbt  the 
centre  wick  of  ifie  lamp,  plme  a  gi-otmd  glavs  Ix-tween  thelatnp  and  oanienu 
and  focus  the  objective  accurately  un  the  objcnit.  The  ground  glass  is  usrd 
tmlv  to  reduce  the  light  which  might  otherwise  injure  the  observer's  eye. 

The  ground  glass  is  (hen  removed,  a  lint!  wire  screen  placed  close  against 
the  front  of  the  lantern  etmdenaer,  and  by  means  of  the  substage  condensrr 
an  imugi*  of  tlm  s<-r«'eii  is  proie<-t»d  accurately  on  tlie  obje<'t.  Tliis  i»  very 
im|»<>rtant.  for  it  is  ne<e.ssary  that  the  light  should  !;<»  accurately  fiH-ussedou 
the  object  in  ortler  to  produce  sharp  ilefinition.  .\fter  focussing  the  light,  the 
s<'reen  is  removed  ana  »\\  opal  glass  is  put  in  iLs  place.  On  booking  through 
the  eyepiece  a  clear  sharp  image  of  tiie  object  will  be  seen.  If  an  Abl»e  i-^m- 
<len8er  is  use<l  the  iri.s  diaphragm  of  tbe  <-ondenser  should  now  be  earefuUv 
openeil  and  (-IomhI  until  such  an  a|)erture  is  obtained  tliattt>  tho  obaw^'ers 
eve  the  obje<-t  app(>ars  to  the  Ix'st  advantage.  The  < ijmiI  glass  is  now  removed, 
the  camera  attached  to  (he  microaoope,  and  the  projected  image  focuaaed  no 
tlie  camera  screen,  preparatory  to  exposure. 
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Plate  Used. — Orthoclironiatic  plates  only  should  be  used.  Of  these  I  use 
th<>  Cramer  rapid,  i.sfichrotnatic  plate  exclusivt- ly.  With  these  when  photo- 
graphing ba«'leria  and  using  an  am[iliHcation  of  one  thousand  diameters  the 
exposure  will  vary  from  one  and  one-half  to  three  minutes,  two  minutes 
being  about  the  avera^p. 

It  is  witli  thfse  plates  that  I  have  fonnd  a  color  screen  unneM'ssary,  and 
since  using  tluni  I  have  liatl  no  difficulty  in  photograplun^'  Latlfria,  for  they 
ai-e  nartifiilarlv  sensitive  lx>  the  yellow-i-olored  ttil  light. 

rossihly  otKer  makes  of  orth<K'hrtimatie  plat«'s  mi^ht  bo  fuund  to  work 
e4(ually  \v<'ll,  but  the  oil  light  works  80  very  well  with  the  Cramer  iwx;hro- 
mutie  that  I  have  had  no  desire  to  try  othei-s. 

Deivlojmient. — For  development,  I  have  obtained  best  resiilti!  with  for- 
mulas in  which  hydixjchiiion  cither  alone  or  with  some  othi-r  developing 
agent  is  used.  The  following  gives  e.xcellpnt  results,  and  I  prefer  it  to  other 
developers  as  it  gives  good  clear  lugati^'es  of  suJticient  contrast  and 
Spradation: 


No.  1. 


Water, 

Sodium  sulphite. 

Potassium  Itromide, 

Hydi-ochinon, 

Metol, 


10  ounces. 
1  ounce. 
W  grains. 
;Jt)  grains. 
W  grains. 


No.  2. 


Water.  .... 

Sodium  carlwinate, 
Use  equal  parts  of  No.  1  and  No.  2. 


10  ounces. 
.100  grains. 


Development  should  be  continued  until  suflicieut  density  is  obtained.  Iii- 
tensitication  should  be  i-arely  requii-ed,  forwilli  pi-<>[)er  e.\iM>siire  and  develop- 
ment ft  goixl  negative  C4in  usually  be  obtained.  If  ititinisiJication  is  neces- 
sary, after  fixing  and  washing  Ilu>  plate,  I  fjrcfer  to  use  a  .siitvu-ated  aqueous 
solution  of  bichloride  of  niercurv,  frdlowcd  b\-  washing,  the  a]n>lication  «>f 
dilute  ammonia  water,  and  a  final  washing. 

Students  who  desire  to  perfect  themselves  in  the  art  of  making 
photomicrographs  are  advised  to  first  make  tiiemselve.s  familiar  vvitli 
the  technique  of  photography  with  a  landscape  or  |>ortrait  camera, 
and  not  to  undertake  tho  more  difficidt  tiisk  of  photogi-aphing  bac- 
teria until  they  know  Low  to  make  a  gootl  negative  and  to  judge 
whether  an  exposure  has  been  too  long  or  too  Bhort,  etc. 
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PLATE  I. 

PHOTOXICROGSAPHS  OF  BACTERIA  HADE  BT  OASUGHT. 

Fio.  1.  — StreptooxMius  cadaveris,  from  a  culture  in  agua  coco ;  stained 
with  f uchsin.     X  1,000.     (Sternberg.) 

Fig.  2. — Streptococcus  Havaniensis.  x  1,000.  From  a  photomicrograph. 
(Sternberg.) 

Fig.  3. — Bacillus  cuniculicida  Havaniensis,  from  peritoneal  cavity  of 
inoculated  rabbit,  showing  leucocytes  containing  bacilli  and  free  bacilli; 
stained  with  f uchsin.     x  1,000.    (Sternberg.) 

Fig.  4. — Bacillus  cadaveris,  smeur  preparation  from  yellow-fever  liver  kept 
for  forty-eight  hours  in  an  antiseptic  wrapping  (Havana,  1889);  stained  with 
fuchsin.     X  1,000.     (Sternberg.) 

Note. — All  of  the  above  photomicrographs  were  made  with  the  three- 
millimetre  apochromatic  hom.  ol.  im.  objective  and  projection  eye-piece  of 
Zeiss. 

PLATE  II. 

photographs  of  colonies   (IN  ESMARCH  ROLL  TUBES)  AND  OF  TEST-TUBE 

CULTURES. 

Fig.  1.— Colonies  of  Bacillus  leporis  lethalis,  in  gelatin  roll  tube,  end  of 
forty-eight  hours  at  room  temperature,     x  5.     (Sternberg.) 

Fig.  2.  — (Holonies  of  Bacillus  coli  similis  in  gelatin  roll  tube,  end  of 
twenty-four  hours  at  22^  C.     x  10.     (Sternberg.) 

Fig.  3. — Stick  culture  of  Bacillus  coli  similis  in  nutrient  gelatin,  end  of 
seven  days  at  20*  C.     (Sternberg.) 

Fig.  4. — Stick  culture  of  Bacillus  iutestinus  motilis  in  nutrient  gelatin, 
end  of  four  days  at  23'  C     (Sternberg.) 

Fig.  6. — Stick  culture  of  Bacillus  leporis  letlialis  in  nutrient  gelatin,  end 
of  eight  days  at  22"  O.    (Sternberg.) 

FlO.  6. — Stick  culture  of  Micrococcus  tetragenu's  versatilis  in  nutrient 
gelatin,  end  of  two  weeks  at  22"  C.     (Sternberg.) 

Fig.  7. — Colonies  of  Bacillus  cuniculicida  Havaniensis  in  gelatin  roll 
tube,  end  of  forty-eight  hours  at  21°  C.     x  10.     (Sternberg.) 

Fig.  8. — Colonies  of  Bacillus  coli  communis  in  gelatin  roll  tube,  end  of 
forty-eight  hours  at  22°  C.     x  10.     (Sternberg. ) 
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The  bacteria  are  unicellular  vegetable  organisnis,  and  tousist  of 
a  cell  rnenibrane  enclosing-  transparent  and  apparently  structureless 
protoplasm.  The  very  varieil  biologioal  chanict^rs  which  ilistin- 
giiish  different  species  make  it  tnident,  however,  that  there  are  es- 
sential differences  in  the  living  cell  contents,  althou^'h  these  ditfer- 
ences  are  not  revealed  by  oiu-  optical  appliances.  And  among  the 
bacteria,  as  in  the  cells  of  higher  iilants  and  animals,  the  peoidiar 
biolo^cal  characters  of  a  species  are  transniittt»d  to  the  cellular  pro 
geny  of  each  individual  cell.  These  character*  are,  however,  8ul> 
ject  to  various  modifications  as  a  result  of  diflfering  cnnditions  of 
environment,  as  is  the  cuati  with  plants  and  animals  higlier  in  the 
scale  of  existence,  and  in  this  way  more  or  less  permanent  varieties 
are  protluced.  It  is  probable  tliat  among  these  lowly  ])lants  species 
are  evolved  more  quickly,  as  a  residt  of  the  laws  of  natural  selec- 
tion, in  the  struggle  for  existence,  than  among  those  of  more  com- 
plex organization.  Still,  tlus  has  not  hevm  proved,  and.  on  the  other 
hand,  we  have  ample  evidence  that  widely  distrihutetl  specie.s  exist 
having  very  definite  morpliologiwil  and  biological  characters  which 
enable  us  to  recognize  them  wherever  found. 

It  has  generally  l)een  supposed  that  these  simple  vegetable  cells 
are  destitiite  of  a  nucleus,  but  a  re<'ent  author  (F'rJinkel)  suggests 
the  probability  tliat  a  nucleus  may  exist,  although  it  lias  not  been 
demonstrated.  Ttiis  suggestion  is  Ixised  upon  the  fact  that  in  stain- 
ing bacteria  very  quickly  it  soinetimefe  hapjrens  that  a  portion  of  the 
protoplasm  is  shai'ply  differentiated  by  taking  the  stinn  more  deeply 
than  the  remaining  portion. 

Sjobring  in  1892  made  an  investigation  for  the  purpose  of 
ascertaining  the  structure  of  bacterial  oelln.  Various  metliods 
were  employed,  but  the  most  satisfactory  results  were  obtained  by 
fixing  with  nitric  acid,  with  or  without  alcohol,  and  without  pre- 
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vious  (Iryiiifi;  ;  tlii'  jireiJiirations  were  then  stained  with  carbol- 
yleno-bkie  ctr  carhul-fnchsin  solution  ;  they  were  decolorized  Tritli 
iiitiii;  i«*id  and  exaiuint'd  in  glycerin  or  in  water.  By  tliia  procedui* 
th(i  author  nainod  was  able  to  demonstrate  two  kinds  of  corpusclesL 
One  of  these  may  be  seen  just  inside  the  cell  wall ;  it  stains  deeply 
wth  the  carlx)l-fiu'hsin  solution.  The  other  lies  in  a  position  analo- 
jjtius  to  that  orcu|)iiHl  by  the  nucleus  of  vegetable  cells  hij^her  in  the 
scale,  and  resenihles  this  both  ui  its  resting  condition  and  in  the 
prfK'ess  of  indirect  di\'ision. 

In  his  mldivss  before  tlie  International  Me<lical  Congn^^ss  of  Btr- 
lin  (1890)  Kodi  says: 

"  We  luwl  not  sncceeded.  in  spite  of  the  constantly  improvinp 
methods  of  stainiuj^and  in  spite  of  tlie  use  of  objectives  with  coo- 
statitly  incnr-fisiTiy;  angles  of  aperture,  in  lenniing  more  \Wth  ref< 
to  the  interior  structure  of  tlie  bacteria  tlum  wiis  showni  by  the 
nal  methods  of  H^aining.  Only  very  recently  new  methods  of  staio- 
int;:  appear  to  give  vi^i  further  information  upon  the  stiiictxire  of  tht 
]>acteria,  inasmucJi  as  t he j*  serve  to  differentiate  an  interior  portioD 
of  t!ie  protoplasm,  'whicli  should  probably  be  regarded  as  a  nucletis, 
from  an  exterior  protophisniic  envelope  from  which  is  given  oflf  the 
tirgan  of  locomotion,  tliu  flagelhmi." 

Although  usually  transjwu'ent,  the  jirotoplasm  .sometimes  preaenln 
a  granular  ap|)earance.  The  botjinist  V'^an  Tieghem  claims  to  hane 
ftMifid  chlorophyll  grains  in  some  water  liacteria  studitMl  by  him,  and 
in  the  getuis  Beggiatoa  grains  of  sulphur  are  found  emliedded  in  tin* 
protophism  uf  certjiin  MfHicies. 

The  cell  membrane  in  certain  species  appears  to  be  very  flexiUc, 
a.s  may  l»e  seen  in  tbosH  whtch  have  a  sinmius  motion.  It  18 
eAsily  recognized  uiider  the  micro.scope,  but  by  the  use  of 
which  cauHO  the  protophism  to  contnict  may  l)o  demonstarated^-^.y.. 
by  icxline  solution.  Out.'^ide  cjf  the  true  cell  membrane  a  gelaUnooB 
envelope — so-called  capsule  -is  w>raetimes  seen.  This  nuty  perfaj^B 
be,  as  claimtnl  by  some  authors,  nothing  more  than  a  jelly -Uko  thick- 
ening of  the  outer  layers  of  the  c<dl  wall.  This  jelly-like  materiil 
causes  the  cetln  to  adhere  to  each  other,  forming  Z4M"»glQBa  maaset. 
In  some  ca.ses  the  gn>wth  ujion  the  surface  of  a  culture  tnediuoi  il 
extremely  viwid,  and  may  Im  drawni  out  into  long  threads  wboi 
touchtnl  witli  a  platinmn  needle,  owing  to  the  gelatinous  interoelhllir 
sulMt^mco  bj'  wbicli  Ibe  cells  arti  surrounded. 

There  is  hut  little  more  U>  lie  said  i»f  the  .structun*  of  these  minnlr 
organisms,  except  to  mentioti  the  fact  that  the  motile  species  aiv 
pni>ided  with  slen<ler,  wlji|)-like  appendages  called  //of/»*//a.  The 
microc(x:ci  in  generail  are  not  endowed  with  the  power  of  executiaf 
ap<  icitaneoTis  movemenb«^  and  they  are  not  pro\'ide<l  with  flagdla. 
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Bat  recently  two  motile  specit»8  have  been  ileseiibcHl,  luid  in  one  of 
these — Micrococcus  agilis  of  Ali-Cohen — thu  presence  of  flagella  hus 
been  demunstratetl. 

Many  of  the  bacilli  and  spirilla  are  actively  motile,  and  the  prt'- 
sence  of  flagella,  which  has  long  been  suspected,  has  recently  been 
demonstrated  for  a  consideralile  nunilier  of  species  by  Loffler  ami 
others. 

It  nmst  Im^  renieml>eretl  th:it  the  nnjleculur  movement  which  is 
conunon  to  all  minute  particles  .snsj)endtHl  in  a  tluid  is  a  vil>nitory 
motion  /;/  situ,  which  does  not  change  the  relativi-  jxjsition  of  the 
moving  particles.  Tliis  so-called  Brownian  movement  has  frequently 
been  mistiiken  for  a  vital  nuition.  as  ha.s  also  the  movement  due  to 
currents  in  the  li«iuid  in  which  non-motile  organisms  are  susjjendeil. 
The  latter  is  to  he  distinguished  by  the  fact  that  the  microorganisms 
are  all  carried  in  one  direction.  Thi.s  movement  due  U)  a  current,  in 
connection  ^\^th  the  \Hbratory  Brownian  movement,  is  very  deceptive, 
axid  it  is  often  hard  for  a  l^eginner  in  bacteriolugical  study  to  con- 
vince himself  that  what  he  sees  is  not  a  vital  niovi'inent.  But  in 
true  vital  movements  we  luive  progression  in  different  directions,  and 
the  individual  microorganisms  approach  and  pti.ss  each  other,  often 
in  a  most  vigorous  and  active  manner,  passing  entirely  across  tin- 
field  of  view  or  changing  direction  in  an  abrupt  way.  Sometimes 
the  motion  is  slow  and  deliberate,  the  bacillus  progressing  vnth  a  to- 
and-fro  motion,  as  if  proiK'Ucnl  by  a  trailing  tlagelhun  :  or  it  may  Ix- 
ser{)entiue  when  the  mo\iug  filament  is  flexible  \  or  again  it  is 
a  diirting  forwsird  motion  whicii  is  so  rapid  that  the  eye  can  scarcely 
foUow  the  moving  body.  The  spirilla  have  a  rotary  movement  as 
well  a.s  a  progressive  one,  and  this  is  often  extremely  rapid.  Some- 
times bacilli  spin  around  Avith  a  rotatory  motion,  as  if  they  were  an- 
chored fast  to  a  fixetl  p<jint,  as  thej'  may  be  l)y  the  Hagellum  Ix'ing 
attac'hed  to  the  slide  or  cover  glass.  Fre(|uently,  in  a  pure  culttnc, 
the  individual  bacilli  may  be  seen  to  come  1o  rest,  and,  after  an  inter- 
val of  repose,  to  dart  foi-ward  again  in  the  mtwt  active  way.  (^r  we 
may  find,  on  examining  the  same  cidtxire  at  diflfert^nt  times,  that 
upon  one  occasion  there  is  no  evidence  of  vital  mov^ements,  and  on 
another  all  of  the  bacilli  are  actively  motile.  These  differences  de- 
pend upon  the  age  of  the  culture,  temperature  conditions,  etc. 

Reproduction  Inj  biitiiri/  dirinioii  is  common  to  all  of  the  bact^i- 
ria,  and  in  mtuiy  sjjecies  this  is  the  only  mode  of  reproduction  known. 
When  circumstances  are  favorable  for  rapi<l  multiplication  the  indi- 
vidual cells  grow  in  length,  and  a  constriction  oecurs  in  the  middle 
transverse  to  the  long  diameter.  This  becomes  deeper,  and  after  a 
time  the  cell  is  completely  dividetl  into  two  eijual  portions,  which 
again  divide  in  the  same  way.     Separation  may  Im?  complete,  or  the 
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celia  niay  romaiii  Httadjed  to  etich  other,  forming  chains  (i 
nx'ci)  or  articulated  filaments  (schein/dden  of  tlie  Oermans). 

The  Imcilli  and  spirilla  divide  only  in  a,  direction  transverse  toi 
long  diameter  of  the  cells,  but  among  the  micrococci  division  mav 
occur  either  in  one  direction,  fonuiiig  chains;  or  in  two  direetiam, 
fonning  tetnuln  ;  or  in  three  directiiHis,  forming  "  packets  "  of  eigfal 
or  more  elements.  The  staphylococci,  in  which  the  cells  do  not  i»- 
main  associated,  diWde  uidifferently  in  any  diRs.'tion. 

The  rapi<lity  of  inultiplication  by  hiniiry  dixisiou  varies  j^reatljia 
different  species,  and  m  the  same  species  depends  upon  conditions  rt- 
lating  to  the  cultui-e  mwlivmi.  age  of  the  culture,  temperature,  etc. 
Under  favorable  conditions  bacilli  have  lieen  observed  to  divide  in 
twenty  minutes,  and  it  is  a  matter  of  common  laboratory  experieow 
that  colonics  of  considerable  size  and  containing  millions  of  Itanllt 
may  l>e  develojied  from  a  single  cell  in  twenty-four  t<>  forty-eigfet 
hours.  A  simple  calculation  ^vill  show  what  an  immense  number  of 
colls  may  Ijc  prmluced  in  this  time  as  a  result  of  binary  dixnsion  oc- 
curring, for  exanipU\  every  hoiu-.  The  progeny  of  a  single  eel! 
wuidd  be  at  the  end  of  twenty-four  hours  16,777,220,  and  at  the 
of  forty-eight  hours  the  number  would  Ijc  281.,?0i;),0(X),00O. 

Some  of  the  eurlit^r  observers  liave  n*.>tcd  the  presence  of  oval  or 
spherical  refractivo  iMKlies  in  cultures  cuntiiining  bacilli  ;  but  tfaal 
these  were  repro<Uictive  elements,  although  susjiected,  was  not( 
nionstrattMl  until  a  romi»aratively  rcfont  dato.  Pasteur  was  on*j 
the  first  to  jxiintout  the  fact  that  certain  luwtcria  have  two  modM] 
reproduction — by  fission  and  by  the  fonnation  of  emingenous  spof 
but  the  first  careful  study  of  the  last-mentioned  method  was  madebr 
Koch  in  his  classical  study  uf  the  anthrax  bacillus  (IH7H),  and  by 
(John,  who  stu<litHl  the  fonnation  of  spores  in  Bacillus  subtilis. 

These  repmKluctive  bcnlies  serve  the  same  purixiso  in  the  preaemk- 
tion  of  Bpetnes  as  Ww  setnls  of  higher  plants.  They  resist  desic 
an<l  may  retain  tlieir  vitality  fornuniths  or  years  until  circur 
are  favorable  to  their  development,  when,  under  the  influence  of 
fuid  moisture,  they  reprtxluce  the  vegi't^itivo  form — bacillus  or  sj 
lum — with  all  of  its  biological  and  n\orph<ilogifal  chariu-ters.  T^miJ 
are  comjxjHtnl  of  conden.se<l  protojKhism  wbich  retains  the  vit^d  char- 
*icterH  of  the  soft  protoplasm  of  thu  nuitluT  cell  from  which  it  hw 
lieeu  8epanite<l  ;  and  it  is  evident  that  whether  reproduction  occuB 
by  fiflsion  or  by  tbe  formation  of  endi:)genou8  sporee,  tho  protof 
of  the  cells  hi  a  pure  culture  of  any  microtirgsmisin  is  uimplj'  a  i 
rated  |K>rtion  of  the  protoplasm  of  the  progenitors  of  these  cellti. 

8<iTne  of  the  bacilli  grow  out  into  long  filaments  before  the  fumHi- 
tion  of  s|*c>r(>s  o<^-curs  ;  and  these  filaments  may  be  aflfi(H>iate<l  in  btuh 
dies  or  intertwineil  in  irregular  imisses.    At  first  the  protoplasm  of  tbt 


STRl'fTLRE,    MOTIONS,    REPRODUCTION.  tlft 

fihuiienta  is  liumogenetnis,  but  after  a  time  it  becomes  segmentetl, 
and  later  the  protoplasm  of  each  eeginent  becomes  condensed  into 
a  spherical  or  oval  refractive  body,  which  is  the  spore.  For  a  time 
these  are  retained  in  a  linear  position  by  the  cell  membrane  of  the 
filament  (Fig.  75,  o),  but  this  is  after  a  while  dissolved  or  broken 
up  and  the  spores  are  set  free.  In  liiiuid  cultures  they  sink  to  the 
bottom  as  a  pulverulent  precipitate,  and  upon  the  surface  of  a  solid 
medium  they  form  a  layer  which  is  usually  of  a  white  or  yellowisli- 
x)vhite  color,  and  which,  when  examined  under  the  microscope,  in  old 
ciUtures  is  found  to  consist  almost  entirel)'  of  shining  spherical  or 
uval  bodies  which  do  not  stain,  by  the  ordinary  methods,  with  the 
aniline  colors.  While  many  of  the  bacilh  during  the  stage  of  spore 
formation  grow  out  into  long  filaments,  others  do  not,  and  one  or 
more  spores  nuike  their  appearance  in  rods  of  the  ordinary  length 
whicli  characterizes  the  species.  These  may  be  ItK^ate*!  in  the  centre 
of  the  rod  or  at  one  extronaity  (Fig.  75,  h).     It  sometimes  occurs 
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that  when  a  single  central  spore  is  formed  the  rod  becomes  very 
much  enlarged  in  its  central  p<jrtion,  assuming  a  spindle  shape  (Fig. 
75,  c);  or  one  extremity  may  be  enlarged,  prrxlucing  forms  such  as 
are  shown  in  Fig.  75,  d.  Some  of  the  smaller  spherical  spores  mea- 
sxire  less  than  0.5  /<  in  diameter,  but  they  are,  for  tho  most  ptirt, 
oval  Inxlies  having  a  short  diameter  of  (lit  to  1  ;<  and  a  long  diame- 
ter of  one  to  two  /*,  or  even  more.  They  are  enveloped  in  a  cellular 
envelope  which,  according  to  some  observers,  consists  of  two  layers 
— an  exos[K>rium  and  an  eiidosporium. 

The  germinati(jn  of  spores  has  been  studied  by  Prazmowski, 
Brefeld,  and  others.  Tho  process  is  as  follows  :  By  the  absorption 
of  water  thej*  become  swollen  and  pale,  losing  their  shining,  refrac- 
tive apfMjarance.  Later  a  little  protuberance  is  seen  upon  one  side 
or  at  one  extremity  of  the  spore,  and  this  rapidly  grows  out  to  fonu 
a  rod  which  consists  of  soft-growing  protojjlasm  enveloped  in  a 
membrane  which  is  formed  of  the  end<iHporimn  or  inner  layer  of  the 
cellular  envelope  of  the  spore.  The  outer  envelope,  or  exo-Kixiriuni, 
is  cast  off  and  inaj-  be  seen  in  the  vicinity  of  the  newly  formed  rod 
(Fig.  76),     Sometimes  the  vegetative  cell  emerges  from  one  extrem- 
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ity  of  the  oval  spon.'.  iis  whown  Ht  u,  Fig.  7'),  ami  in  utlier  species  tiie 
exosporium  is  ruptuivd  and  the  bacillus  emerges  from  the  tdtlp.  >&• 
seen  at  b. 

The  considerable  resistance  of  these  endogenous  spores  to  4k«r- 
cation,  to  heat,  and  to  various  cheniical  agents  is  an  iinpt>rtant  fai-t 
both  from  a  biological  and  from  a  hygienic  point  of  viev*',  and  will 
be  fully  considered  in  a  subset^uent  chapter.  The  fact  that  certjiiii 
biicilli  and  spirilla  do  not  withstand  a  teniix>raturo  af  So'  i4>  *H>  V.. 
which  does  not  destroy  the  vitality  of  known  8|)oret»,  leads  to  thi-  ui- 
ference  that  they  do  not  form  similar  reprotluctive  Ixxlios.  But  re- 
productive eleinetits  of  n  different  kind  are  descril)ed  by  Sotne  U'twi- 
ists  as  being  productHl  during  the  development  of  these  iMU'teria, 
and  also  of  the  micrococci.  These  are  the  so-called  arthntapnm. 
In  the  pnx'csH  of  binary  division  certain  cells  in  a  clmiii  itiay  l>e  ot>- 
served  to  be  sumewliat  larger  than  <  >thers  and  to  refract  light  in«tfv 
strongly.  The  same  may  be  true  t)f  certain  cells  in  a  culture  in 
which  the  elements  are  not  united  in  chains.    These  c<*lls  are  bi^Iieved 
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by  De  Bary  and  othei-s  to  have  greater  resisting  power  to  dceiccatioii 
than  the  renuiining  cells  in  the  culture,  and  to  serve  the  piirpoae  o( 
repnxhictive  elements. 

It  has  generally  In-en  supptjsetl  that  sjM.»re  f urination  is  nioKt  likelr 
to  tH'fur  when  the  pabulum  U\t  supporting  the  growth  of  the  v«*g»"Oi- 
tive  form  is  nearly  e.xhaust**d.  But,  tus  j)ointcd  out  by  Friinkel,  f<krt» 
do  not  support  this  view,  as  many  species  form  spores  when  condi- 
tions are  tmyst  fav<>rable  for  a  continued  development.  An  abundmit 
supply  of  oxygen  favfirs  the  furmation  of  sjxjres  in  a<»n>bie  speciec, 
and,  in  some  instances  at  least,  the  temperature  has  an  important  in- 
fluence upon  spore  fonnation.  Thus  the  anthrax  bacillus  does  not 
fonn  spores  at  temperatures  below  '20°  C.  or  above  42"  C. 

The  verj'  int^-resting  fat-t  has  l>een  demonstrated  by  Lehman  and 
by  Behring  that  a  s|)ecie8  which  usually  fonns  8ix>res  niay  ba 
modified  by  cert^un  inHuence**  that  it  is  no  longer  capable  of 
production,  and  that  such  an  a'^porngenous  variety  may  l>e  culti 
for  an  indefinite  time  without  showing  any  return  to  the  stage  uf 
spore  fonnation.  Tliis  was  effet!te<l  in  Behring's  experiments  bjr 
cultivating  the  anthrax  bacillus  in  a  medium  continuing  some  agvot 
detrimentiil  to  the  vitality  of  the  vegetative  cells,  but  utit  in  suff- 
cient  <|UBntity  to  restrain  their  development 
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The  cfiemical  composition  of  the  bacterial  cells  has  been  inves- 
tigated by  Nencki,  Brieger,  and  others.  Putrefactive  bacteria  culti- 
vated in  a  two-per-cent  solution  of  gelatin,  and  which  produced  an 
abundant  intercellular  substance  connecting  the  cells  in  zooglcea 
masses,  were  found  by  Nencki  to  have  the  ^following  composition  : 
"Water,  84.26  per  cent;  solids,  6.74  per  cent,  consisting  of  albumin 
87.46  per  cent,  fat  6.41,  ash  3.04,  undetermined  remnant  3.09. 
The  albimiinous  substance,  according  to  Nencki,  is  not  precipitated 
by  alcohol,  and  differs  in  its  chemical  composition  from  other  known 
substances  of  this  class.  He  calls  it  mykoprotein  and  gives  the  fol- 
lowing as  its  chemical  composition  :  C,  52.33  per  cent ;  H,  7.55  per 
cent ;  N,  14.75  per  cent.  It  contains  no  sulphur  and  no  phosphorus. 
The  spores  of  the  anthrax  bacillus,  according  to  Nencki,  do  not  con- 
tain mykoprotein,  but  a  peculiar  albuminous  substance  which  he 
calls  anthrax-protein.  Brieger  analyzed  a  gelatin  culture  of  Frie<l- 
lander's  bacillus,  with  the  following  result :  Water,  84.2  per  cent ; 
solids,  5.8  per  cent,  containing  1.74  per  cent  of  fats.  After  removal 
of  the  fat  the  solids  gave  an  ash  of  30.13  per  cent ;  this  contains  cal- 
cium phosphate,  magnesium  phosphate,  sodium  sulphate,  and  sodium 
chloride.  The  amount  of  nitrogen  in  the  dried  substance  after  re- 
moval of  the  fat  was  9.75. 
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CONDITIOXS  OF  GROWTH. 

Bactkria  only  yriHAv  in  presence  of  iinHHture,  under  certain  condi- 
tions of  teini>erature.  and  when  »u{)p]ieHl  'with  Huitable  palnilinu.  As 
tliey  do  not  contain  chlorophjil,  they  cannot  assimilate  carbon  diox- 
ide, and  light  is  not  favorable  to  their  development. 

The  aerobio  species  obtain  oxygen  from  the  air  and  cannot  grow 
unless  supplied  with  it.     The  anaerobic  species,  on  the  other  han<j|^^ri 
^vill  not  grow  in  the  presence  of  oxygen,  and  must  obt^iin  thi^  el0^^B 
luent,  as  they  do  carbiin  and  nitrogen,  from  the  organic  material 
which  serves  them  as  food. 

As  a  cla.ss  the  bacteria  are  supplied  with  nutriment  by  the  higher 
jilantH  and  animals,  the  dead  tissues  of  which  tiiey  appropriate,  and 
which  it  is  tlioir  function  to  decomiiose,  releasing  the  organic  ele- 
ments jLs  simple  coriipuutids  which  may  again  be  assimilatetl  hy  thv 
chlorophyll -producing  plant.s. 

H'aff'i-  is  essential  for  the  development  of  bacteria,  and  man^'s: 
cie«  have  their  iionual  habitat  in  the  waters  of  the  tx-ean,  of  lak 
auui  of  running  streams  ;  others  thrive  u|Km  )laini>  surfaces  or  in  the 
interior  of  nmist  masses  of  organic  material.     Many  species  grow  in- 
differently either  in  salt  or  fresh  water,  but  it  is  probable  that  cer- 
tain species  wil!  lie  found  [HH-uliar  to  the  waters  of  the  ocean 
of  the  water  bacteria  nuiltiply  in  the  presence  of  an  exc«iediui 
minute  amount  of  organic  pabulmii,  or  even  in  distilled  water.     This 
is   shown   by  the  ex]>erinients  of   Bolton  and  otiiere.     The   autb< 
named   testwi   two   s|ie(ies  t>f  water  liacteria  (Microi'«»ccus  aqiiat 
and  Bacillus  erj'thro.s]M>rujH)  in  the  following  manner:     Ten  cubic 
centimetres  of  distille*!  water  in  a  test  tid»e  were  infected  with  aitmall 
qiuintity  of  a  rultun?  of  one  of  these  microorganisms.     A  drop  from 
this  tulic  was  ti-iuisf erred  to  the  siime  quantity  of  distilled  water  in 
a  second  tulx",  and  from  this  to  a  third.     The  number  of  liacteria  in 
this  tiibe  No.  ;t  whu  now  ascertiuneil  hy  counting,  and  it  was  put 
a.->ide  for  two  or  thn^e  days,  at  tlie  end  of  which  time  the  numlwr  %vhii 
again  e»*tinuite«l  by  <'oiniting.     in  e\erv  c»i.se  there  was  an  euormotm 
increii»e  in  the  numlwr  of  bacteria.     In  onler  to  be  sure  that  the  di«- 
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tilleii  water  was  pure,  it  was  distilletl  a  seeoml  tiint>  in  a  dean  glass 
retort,  but  the  result  Wiis  the  same.  Bolton  remmks,  with  reference 
to  these  results:  "If  we  seek  to  explain  this  remarKahle  fact  we 
n»ust  remember,  in  the  fti-st  place,  what  an  extremelj'  small  Hb.s«>- 
lute  mass  is  represente<l  by  an  enormous  number  of  bacteria,  antl 
what  a  minute  amount  of  material  in  rwjuiretl  for  tlie  formation  of 
this*  mass.  In  ten  cubit;  centimetres  of  <listilled.  water,  in  the  exjieri- 
ment  last  referred  to.  there  were  aljcmt  twenty  million  bacteria  (two 
million  per  cubic  centimetre).  If  we  estimate  the  diameter  of  each 
at  one  f^,  with  a  sjHicitic  weight  of  1,  the  abwilute  weight  wouKl 
l)e  for  the  entire  number  one-one-hundredth  of  a  milligrannne — 
tixat  is  to  say,  a  i|uantity  which  cannot  t)e  determintnl  by  any  of  our 
inetlxxls  of  weighing." 

Bolton  HUpjxwcH  that  the  small  amount  of  organic  pabulinii  re- 
quired fell  int^>  the  water  in  the  sliape  of  dust,  or  wsis  attachtnl  to  the 
walk  of  the  test  tube  in  spite  of  all  the  precautions  taken. 

Nitrogen  is  chiefly  obtained  from  aibuminf)iil  ^<ul»stances,  but 
Pasteur  has  shown  that  it  may  also  be  obtained  from  auuuonia. 
This  is  shown  by  cultivating  bacteria  in  a  medimn  containing  an 
ammonia  salt,  as  in  the  following  : 

pasteur'8  solution. 

Distilled  water,               ......  100 

Cane  sugar,               ......  lU 

Tartrate  of  aiiimuiiiu.    ......  I 

Aslies  of  one  g^ramme  of  j-east,     .            .            ,            ,  O.u/S' 


COHN  S   SOLUTION. 


Distilled  water. 
Tartrate  of  ammonia. 
Ashes  of  yeast.  . 


■  Many  bacteria  multiply  abuiiilantly  in  these  solutions. 

I  Carbon  is  obtained  from  the  various  organic  substances  contain- 

■  ing  it ;  among  others,  from  stjirch,  tAigtu^,  glycerin,  organic  acids 

■  ami  their  salts,  etc. 

I  Temperature.— Theiv  are  certain  limits  of   temperature  withiji 

I       which  development  may  take  place,  but  these  differ  greatly  with 
I       different  species.     As  a  rule,  growth  is  aiTeated  when  the  tempera- 
"       ture  falls  below  lu"  C.  (.in     F.).  but  some  species  nuUtiply  at  a  still 
lower  temperature.     Thus  Bolton  observed  a  very  decided  increase 

I       in  certain  water  buc^teria  kejjt  in  an  ice  chest  at  (;"■  C,  aiu!  other  ob- 
servers have  witiiesscil  development  at  the  freezing  tenijH'rature. 
Most  saprophytic  bacteria  grow  within  rather  wide  temiierature 
limits,  but  the  rapidity  of  development  is  greatest  at  a  certain  favor- 
able   tem{»eniture.   which  is  usually  Ix'tween  "^5"'  and  30^   C.     The 
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|»irasiiii-  KjKH'ies  luivr  ;i  more  reHtrifttnl  rangf.  wljich  appn^aclit 
normal  tfnijierature  of  the  animals  in  which  they  Imbitujilly  ile- 
velop.  At  40°  C  (H>4  F.)  growth,  jis  n  rule,  ceases,  hut  there  are 
some  notable  exceptions  to  this  niU'. 

Miquel  some  j'ears  ago  found  a  hacilliis  in  the  water  of  the  Sfim? 
which  grew  iit  a  1pni|»crHture  of  ('>!i'  to  71)°  C. ;  Van  Tieghem  ref*>rt» 
lifiving  oiivStTvi'd  sjM'cies  in  thermal  waters  eaj»i hie  of  growth  at  a 
still  liigher  temi»fi7itnre  (74'  C. )  ;  and  Globig  has  more  recently  ob- 
tahied  from  garden  earth  stn'eral  jsperie:*  which  n^illtiplietl  at  65°  C. 
Some  of  Ihe  sjHX'ies  found  hy  the  hist-named  observ^er  were  even 
f<nmd  to  reqniiv  a  temiK'ratiire  of  about  G0°  for  their  development; 
and  yet  this  teni}M?ratun-'  is  ([uiekly  fatal  to  a  large  nuinlier  of  the 
iK'st  known  siiecies. 

Lfttr  iempt'i'afitfi'H,  while  arresting  the  growth  of  Imcteria.  do  not 
destroy  their  vitality.  This  has  been  denn>nstrateU  by  numerous  eX- 
jH'riments.  in  which  they  have  Iwen  exposed  for  hours  in  a  refrigerat- 
ing mixtxire  at  —18^  C.  Frisch  has  even  subjecto^l  them  to  a  tem|«*- 
ratnre  of  —87°  C  by  the  evai>oration  of  liijuid  carSHin  dioxide,  itud 
found  that  they  still  grew  when  placed  in  favorable  contlitions. 

Piiffisiti'sitK — The  strict  parsisites  grow  only  in  the  Ixxlies  of  liv- 
ing aninials,  or  in  artificial  miMlia  kept  at  a  suitable  tem|)erature. 
Ab  examples  we  n\ay  mention  the  bacillus  of  tulx^rculosia,  the  bacil- 
lus of  le|)rosy,  the  micnwiM^cus  of  gouorrhcea.  the  spirillum  of  n*- 
lai)sing  fever.  There  is  also  a  large  cIei.ss  of  farultatirt!  para- 
nitfs  which,  when  intn«luced  into  the  bmly  of  a  sus(*eptible  animal, 
multiply  in  it,  and  may  continue  to  live  lis  pai-asites  so  long  as  they 
are  transferrtMl  from  one  animal  to  another,  but  which  are  also  able 
to  live  a.s  saj)rojibytes  indefRmdently  tif  a  living  host.  To  this  ehuss 
tx.'long  the  pus  cocci,  thebiicillus  of  typhoid  fever,  the  spirillum 
cholera,  and  nmny  others. 

It  se«Mns  extremely  jnolwlile  that  the  strii't  juirasites  were 
time  cafMiblo  of  living  a  sjijiropliytic  existence,  and  that  their 
tion  to  a  pjira-sitic  miMle  of  life  luus  lieen  effix-ted  in  c«>urse  of  tinke  in 
accordance  with  the  laws  of  natural  selei'tion.  This  view  is  sup- 
p«irted  by  the  fact  that  the  tubercle  iuu-ilhis,  which  has  Uhmi  re^inlrtl 
as  a  strict  jmra.site,  which  can  only  be  cultivated  t»jtiKciaJly  urid«T 
very  HjH-inal  r-onditions,  hasbeensho«ni  ei  iK'caimbleof  modificatiouiii 
tJiisregiml  tosuch  an  extent  that  when  cultivatwl  fora  time  in  afaror- 
able  mediimi — iKniillou  with  five  jut  centof  glycerin — it  will  even  grow 
ill  ordiiiarj*  bouillon  made  from  the  tlesli  of  a  calf  or  a  fowl  (Rtmx). 

Relief  ifm  of  Medintn. — Home  bacteria  grow  reailily  in  a  nietliiuu 
having  an  acid  reacti(»n,  while  the  slightest  trjice  «>f  acidity  prevents 
the  devclopmnnt  of  i»thers.  As  a  rule,  the  pathogenic  s|K"cie>*  re<]uirt* 
a  neutral  or  slightly  alkaline  culture  miHlium. 
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Wlule  many  species  grow  in  various  inediii  and  uinler  viii-ioua 
conditions  of  temperature,  etc.,  otiu'fs  are  greatly  restrit-ted  in  this 
iv^anl  ;  thus  Bumm  only  siuvtHnltMl  in  cultivating  the  goiux'occus 
upon  human  blond  serum,  atid  even  upon  this  was  uut  able  to 
cany  it  through  a  series  of  successive  cultures.  It  is  verj'  probable 
that  certain  s{>ecies  can  only  grow  in  assiK'iatiou  wth  others  whicli 
elalx>rate  pn>ducts  necessary  for  their  development. 

Substances  favorable  for  the  growth  of  a  iiaTticii]arsi)ecies  may 
restrain  its  development  if  present  in  too  large  an  amount.  Thus 
the  phosphore^^c-ent  bacilli  (nultipl)'  abundantly  in  a  nutrient  solution 
contjiining  2.5  per  cent  of  smiium  chloride  ;  but  this  amount  would 
rt^strain  the  development  of  some  other  species,  and  a  considrrable 
increase  in  tlie  quantity  of  sidt  jirevents  the  growth  of  all  microor- 
gcinisms.  In  the  same  way  the  addition  of  two  per  cent  of  g!uc«)«e 
to  culture  solutioiLS  is  favorable  for  the  development  of  certain  spe- 
cies, and  especially  for  the  anaerobic  liacteria  ;  but  a  concentrated 
solution  of  tlie  sjune  snbstiuice  prevents  the  growth  of  all  bacteria. 

The  injluf'ure  of  one  .spt'cii.'s  ttpott  tin'  yratcth  *)f  (luothrr  litis 
l)een  studied  by  various  l«M'teriologists.  and  esitecially  by  Sirotinin 
and  by  Freudenreich.  When  several  sjjecies  are  associated  in  the 
same  culture  one  may  take  the  precedence  and  the  others  may  de- 
velop later  ;  or  two  or  more  species  may  develop  at  the  same  time  : 
or  the  growth  of  one  species  may  jjrcvent  the  devehniment  of  an- 
other, either  [a)  by  exhausting  the  pdxduui  m-cessjuy  for  itsgnnvlh 
or  {b)  by  prfxlucing  substani-es  which  iniiibit  the  development  of  an- 
other species  or  destroy  its  vitj^ility. 

Freudenreich  found,  as  a  result  of  his  numerous  experiments, 
that  the  following  species  cause  a  change  in  Itouillon  whicli  renders 
it  unfit  for  the  growth  of  other  species :  BacilJus  pyocvaneus.  Bacil- 
lus cyanogenus,  Bacteri inn  phosphorescens,  BncilIusprodiKiosus,  S|ii- 
rilluni  cholene  Asiaticie.  The  following  s{M'cies  do  not  c-ause  simh  a 
change  in  bouillon  Jis  tt»  render  it  unfit  for  the  growth  of  other  sjje- 
cies  :  Bficilhiis  tyithi  alxlominalis.  Bacillus  anthnu-is.  Bacillus  septi- 
ctemiip  hfemoiThagicje,  Sijirillum  tyrogt'iuim.  The  following  have  a 
decided  ant<igonism  :  Bacillus  pj'ogenes  fietidus  prevents  the  growth 
of  Spirillum  cholene  Asiatics  ;  Microc<Hvus  i-oseus  prevents  the 
growth  of  Micrococcus  tetnigenus.  The  choii'ra  si>irillum  will  not 
grow,  in  sterilized  cultures  of  Bacillus  pyocyaneus,  or  in  Itouillon 
which  luiS  served  for  a  previtais  culture  of  the  sjime  niicnMirgaiiisin 
(Kitasato).  Other  Iwicteria  which  fail  to  gnnv  in  b<aiillon  which 
has  already  served  for  the  eidtivation  of  the  same  species  are  Bacil- 
lus t>'phi  alxlominalis,  Btu-illus  cyanogenus.  Bacillus  pnnligiosus, 
Micnx-cwcuB  roseus,  etc.  (Fi-eudenreichJ. 
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Wk  liave  aln^ady  rvferreti  to  the  pr<Hlucti<>n  <>(  an  HJiiMjrogemnis 
variety  of  the  anthrax  l>afilhis.  This  was  effected  by  Behi-ing  by 
enltivrttion  in  media  ei>ntainiii|^  «mall  amomits  of  hydn^chloric  acir 
eauHtic  soda,  methyl  violet,  malachite  green,  and  various  othel^ 
Jigents.  This  is  only  one  of  many  instances  of  a  change  in  biokigi- 
caI  characters  due  to  changed  conditions  of  environment.  We  havr 
abundant  exiM»rimetital  evidence  that  gro^vth  may  occur  under  ail- 
verse  conditions  when  the  species  is  gnidually  habituated,  to  th« 
conditions.  Thus  the  temperature  limitations  may  be  pu^^sed  by  huc 
ceHsive  cultivations  at  teinperuturew  ap|)roaciiing  the.se  limits, 
l>acteria  may  f^ow  in  the  presence  of  agents  which  in  a  given  pnv 
l>ortion  have  a  complete  restraining  influence  upon  their  develop- 
ment. For  examjiliv.  in  the  exix'rimeiit.s  of  Kos.siakoff.  publiKhe<l  in 
the -•!/<»'»/<'.'<  of  the  Pasteur  Institute  (v«>l.  i.),  it  was  found  that  the 
sevenil  species  testeil  all  became  habituated  to  the  presence  of  antj- 
septic  agents  in  i>roix>rtioiis  which  at  first  completely  restraini'd 
their  growth. 

Tliis  modification  of  biohigical  characters  is  well  showii  in  tlw 
ruee  of  the  chrom(.)genic  bacteria,  some  of  which  only  form  pig- 
ment under  exceptionally  favorable  conditions  of  growth.  It  btu( 
been  shown  by  s«i'veral  observers  that  iion-chri>mogeuic  varietiee 
of  some  of  the  l)e8t  known  chromogenic  species  may  be  produced 
by  K|)tH'ial  metho«ls  of  cultivati<in.  Thus  Wasserzug  obt;iined  a 
non -chromogenic  variety  of  the  bacillus  of  green  pus  (Hiioillas 
pyocyaneus)  by  tlio  action  of  time  added  to  that  of  antiseptics.  H« 
says  :  **  These  two  actions  combined  have  permittetl  me  to  obtJiin 
cultnres  which  remained  without  color  in  a  durable  way,  ami  in 
which,  conse«iuently,  the  chromogenic  function  was  alxilishwl  l>y 
heredity."  In  the  case  of  a  chromogenic  Iwicillus  obtained  by  tlie 
writer  in  Havana  (my  Bacillus  Havaniensis),  a  non-chromogenic  vari- 
ety was  obtaine<l  from  a  cultiire  on  nutrient  ag;ir  which  had  been  ' 
in  H  hermetically  sealed  glass  tul>e  for  alwiut  a  year.  The  vai. 
preserved  the  morphologic»l  characters  of  the  original  stock,  but,  al- 
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though  carried  throujfh  Huccessive  cxiltures  for  a  fdnsithTrthle  peri(xl. 
did  not  regain  itn  power  to  prtxluce  the  brilliant  carmine  color  which 
is  the  most  striking  charact4?r  of  the  H]n>cie«.  Katz,  in  cultivatin^r 
the  phosphorescent  bacilli  ist)lat4:'tl  by  him  from  sea  water  at  New 
South  Wales*,  found  that,  after  l>ping  propagated  for  some  time  in 
artificial  media,  their  power  to  give  off  a  phosphorescent  light  was 
diminishe<I  or  tcmimrarily  lost.  He  also  found  that  two  species 
which  when  first  cultivated  did  tiot  liqiiefy  gelatin.  subse<iuently, 
after  a  year,  caused  liquefjwtion  of  the  usual  gelatin  metlium. 

Mofiififitfion  Nhoirn  in  Ciiltitrt's. — A\1ieii  bacteria  have  boon 
subjecteil  to  the  Hclion  of  heat  or  chemical  agents,  without  having 
their  vitality  couTpletely  ilestroycd.  they  often  show  diuiiuished  vigor 
of  growth.  Cultures  ■ft'hich  woidd  ordinarily  show  an  abundant  de- 
velopment within  twenty-four  hours  may  not  commence  to  grow  for 
several  ilays.  For  this  reason,  in  disinfection  experiments,  it  is  neces- 
sary to  test  the  question  of  destructic^n  of  vitality  by  leaving  the  cul- 
tures for  a  week  or  more  under  favorable  conditions  a.s  to  tempera- 
ture. In  plate  cultures  or  Esniarch  roll  tulM's  n  few  colonies  may 
develop  in  this  tardy  way.  showing  that  there  was  a  difference  in  the 
vital  resisting  power  of  the  individual  cells,  some  having  survived 
while  the  uuijority  were  killwl.  This  is  well  illustrattMl  liy  Abbotts 
experiments  u]ion  the  germicitlal  action  of  mercuric  <'hlori<le  as  tested 
ujjon  Staphylococcus  py< igenes  aureus.  Irregularities  in  the  results  iu 
experiments  in  which  the  conditions  were  identical  having  been  no- 
ticed, Abbott  inferred  that  this  was  due  to  a  difference  iti  the  resist- 
ing power  of  indi\'idual  cix^ci  (arthrospores  ?).  By  making  cul- 
tures from  colonies  which  developed  from  these  more  resistant  cocci, 
and  again  exposing  the  raicrftcocci  in  these  cultures  to  mercuric  chlo- 
ride in  the  proportion  of  1: 1,(MH)' for  a  longer  time  and  making  new 
cultures  from  the  surviving  cocci,  and  so  on,  Abbott  obtaine<i  cultures 
in  which  a  majority  of  the  cells  survived  exposure  to  a  solution  of  the 
strength  mentionetl  for  ten  to  twenty  minutes,  whereas  in  his  original 
culture  m«)st  of  the  cix'ci  were  killed  by  this  solution  in  five  mimites. 

These  changes  in  vital  resisting  power  enable  us  to  comprehend 
other  mcxlifications  which  can  only  be  detected  by  chemical  or  bio- 
logical reai'tions.  Thus  the  rtnlucing  power  for  various  substances 
may  he  modilied  by  changes  iu  the  conditions  of  euvirt>nment.  And 
amf>ng  the  pathogenic  bacteria  changes  of  a  more  or  less  permanent 
nattu'e  may  be  induced,  which  Jire  shown  hy  a  modifietl  degree  of 
virulence  when  injected  into  susceptible  animals. 

Aftenuatinii  of  I Vm/enee  may  l>e  effected  by  several  methods, 
all  of  wliich  deptMid  iipon  subjecting  the  cultures  io  prejudicial  in- 
fluences of  one  kind  iir  another. 

Pasteur  first  announced,  in  ISHO,  that  the  microbe  of  fowl  cholera 
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coulil  K'  Jimdififil  liy  sjwcial  treatment  in  such  a  nianuer  that  it  no 
k>ny;er  pi-f>cluced  a  fntHl  form  of  the  disease.  He  found  that  the  viru- 
lence wfus  gre^itest  when  cultures  were  inade  fnwi  fowla  Avhich  had 
•lied  from  a  chronic  form  of  the  disejise,  and  that  this  virulence  wa? 
not  lost  by  successive  cultivations  in  chicken  Ixniillon,  rejieAted  at 
short  inter%'als.  But  when  an  interval  of  ni()re  than  two  months 
was  allowed  to  elapse  without  renewing  the  cultures,  the  Wrulenoe 
wa-i  diminished  and  fewer  deaths  occurred  in  fowls  inooulat<?d  with 
such  cultures.  This  diminution  of  virulence  l>tH"cune  more  marked 
in  proportion  to  the  length  of  time  during  which  a  culture  sulutioD 
containing  the  niicroho  remained  exposed  to  the  action  of  the  atmo- 
sphere, and  at  last  all  virulence  was  lost  as  a  restdt  of  the  death  of 
the  pathogenic  microorganism.  When  the  virus  was  preserve*!  in 
hermetically  sealeil  tuhes  it  did  not  undergo  this  mo*litication,  hut  re- 
tained its  full  virulence  for  many  months.  According  to  Pjwti-ur, 
the  various  d(>gi"ees  of  mo<lification  of  virulence  resulting  fr<»m  pn>- 
louged  ex{K).sure  to  the  air  may  l>o  jireserved  in  successive  cjiltures 
made  at  short  intervals.  Suhsetpieut  experiments  Avith  cultures  of 
the  anthra.v  ImiciIIus  gave  similar  results  and  eiiahle<l  him  to  prod 
an  "  attouuated  virus  "  fur  his  protectiA'o  inoculations. 

lu  the  case  of  the  anthrax  bacillus  it  was  found  that  the  sporw 
retriin  their  full  virulence  for  years,  and  that  the  ju'oduction  of  an  •!- 
ti'uuated  virus  retpiired  the  exclusion  of  the.se  repriMluctivo  elemeate. 
Cultivations  were  conseiiuently  made  at  a  temperature  of  43"  to  43* 
C. .  at  whii'h  i>«)int  this  bacillus  is  incapable  of  prmlucing  tipaiM. 
Cultivation  at  this  temperature  for  eight  days  gave  an  attenonted 
viniH  suitable  for  use  in  protective  incKudatious. 

AfffniKth'nii  hi/  Heat. — Tous.saint  hiis  shown  that  a  similar  modi- 
fication of  virulence  uifiy  be  produced  by  ex[H)siu'e  for  a  short  tiinr 
to  a  temperature  a  little  below  that  which  destnjys  the  >ntality  of  the 
patliogenic<irganistn.  This  is  l)est  acininplisheii,  according  to  Ckiio- 
vean.  in  the  ca.se  of  the  IkumIIus  of  anthrax,  by  exjiosui*  for  eiglittwo 
miiuites  to  a  tem[HTature  of  ni\°  C.  Exposure  to  this  temjK'ratuPB  for 
twenty  unnutes  is  said  lo  completely  destroy  the  vitality  of  the  bacillos. 

Attcnnatioii  by  Antiseptic  Agents. — The  writer,  in  1880,  ob- 
tained evidence  tl»at  att^'nuation  of  virulence  maj'  result  from  «• 
|M>sure  to  the  action  of  aeitiseptic  agt«nts.  lu  a  series  of  experiments 
made  to  <]etennine  the  comiwrativo  value  of  disinfet:tants,  the  blood 
of  a  rabbit  recently  dead  from  n  form  of  sejtticiemia  inductnl  by  tb* 
stdK'utaneous  injection  of  my  own  .>^jdiva,  and  due  to  the  presi'nc«of 
H  mien r;o<'cus  (Micrococcus  pneumonite  croujKisiP).  was  suhjivtiHl  tn 
the  Jiction  of  various  chemical  agents,  and  subse<iuently  inji«t-t«il 
into  a  rahliit  to  test  the  destruction  of  virulence.  In  the  published 
pejwrt  of  thest*  exiwriments  the  following  statement  is  madt* : 
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"The  must  important  source  of  error,  however,  and  one  which 
must  Ik"  kfpt  in  view  in  future  exjjeriments,  is  the  fact  that  a  pn>- 
tective  iuliuence  has  Ijeen  shuwn  to  result  from  the  injection  of  iinrus 
the  virulence  of  which  lias  heen  modified,  without  l)eiiig  entirely  de- 
stroyed, by  the  agent  used  as  a  disinfectant.'" 

""Smiliiun  hj^posulphite  and  alcuhnl  were  the  chemical  reagents 
which  pnxluced  the  result  noted  in  these  experiments  ;  but  it  seems 
probable  that  a  variety  o(  antiseptic  substances  will  l>e  found  to  be 
equally  effective  when  usetl  in  projier  proportion.  Subsequent  ex- 
periments have  shown  that  neither  of  these  agents  is  capable  of  de- 
stroying the  A'itality  of  the  septic  microcfK'cus  in  the  prop«irtion  used 
(one  jx^r  cent  of  sodium  hyix)8ulphite  or  one  part  of  ninety-five-per- 
cent  alcohol  to  three  parts  of  ^nrus),  and  that  both  have  a  restraining 
influence  upon  the  development  of  this  organi.sm  in  culture  fluids."  ' 

Ciilfivat/'oa  in  the  Bload  of  an  Itninune  Animal. — It  has 
\ieen  shown  by  the  exi)eriments  of  Ogata  and  Jasuhara  that  when 
the  anthrax  bacillus  is  cultivated  in  the  blood  of  an  immune  animal, 
such  as  the  dog  or  the  white  rat,  its  pathogenic  power  is  modifie*! 
30  that  it  no  longer  kills  susceptible  animals  and  may  be  used  as  a 
vaccine. 

Pasteur  had  previously  shown  {llrifci-2)  that  the  virus  of  louget  can 
be  attenuate*!  by  passing  it  through  rabbits. 

Recovery  of  Virulence. — Pasteur  has  shown  that  when  the  viru- 
lence of  a  pathogenic  organism  has  been  motlified  it  may  be  re- 
stoi-ed  by  suc(!es.^ive  inoculations  into  susceptible  animals.  Thus  in 
the  case  of  the  anthniK  bacillus  a  culture  which  would  not  kill  an 
adult  guinea-pig  may  be  iiKKUilated  into  a  very  young  aninud  i>f  the 
same  species  with  a  fatal  result  ;  and  by  insulating  tlic  blood  of 
this  animal  into  another,  and  so  on.  the  original  virulence  may  be 
restored,  sfi  that  a  culture  is  obtainr-d  which  will  kill  a  sheep.  Tn 
the  same  way  the  attenuated  virus  of  fowl  cholera  may  be  restored 
to  full  \ngor  by  inoculating  a  small  bird — sparrow  or  canary — to 
•which  it  is  fatal.  After  si'veral  successive  inoculations  the  vims 
resumes  its  original  activity. 

In  general,  pathogenic  virulence  is  increased  by  successive  incx-u- 
lations  into  su&ejjtible  animals,  and  diminished  by  cultivation  in  arti- 
ficial media  under  unfavorable  conditions.  Thus  variou.s  pathogenic 
Imcteria  which  have  been  cultivated  in  laht^ratories  for  a  lengtli  of 
time  are  likely  to  disappoint  the  .student  if  he  makes  imx-ulation  ex- 
periments for  the  purpose  of  demonstrating  their  specific  action  as 
described  in  text  bot)ks. 

'Quotod  from  "  Bacteria,"  p&fCM  *W,  908,  writtea  In  1888. 
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All  living  t-ells,  animal  ar  vegptablf,  while  in  active  ^romlu 
appnipriato  certivin  elements  for  their  nutrition  frmn  the  pabuhm 
with  which  they  are  supplied,  and  at  the  same  time  excrete  oertab 
prcHlueta  which,  in  some  cases  at  least,  it  is  their  HpeoiaJ  function  t" 
produce.  In  the  higher  plantj*  and  aninial^t  Kf»eeialixed  cells  excTvt*- 
substam*.**  which  are  injurious  to  the  economy  of  the  individual, 
and  secrete  Hiib»tance8  which  are  re«|uired  to  maintAin  it«  existenor 
As  an  example  in  animals  we  may  mention  the  excretion  of  urea  bv 
the  epitheUum  of  the  kidneys,  the  retention  of  which  is  fatal  to  the 
individual,  and  the  gastric  seci-etion  which  is  essential  for  its  coe- 
tinned  existence.  Among  the  higher  plants  we  have  an  ijunw*.* 
variety  of  sukst^mces  formed  in  the  cell  laboratorieH,  Home  of  whkli 
are  evidently  useful  for  the  preservation  of  the  speciee,  Mrhile  othrr* 
are  perhaps  to  Ije  c<jnsidered  simply  as  excretory  protlucta.  Thr 
(Hlonins  volatile  prodiict.s  given  off  hy  flowers  are  supposed  to  !»• 
useful  to  the  plant  in  attracting  inse<'ts  by  which  croes-fertilizatirv 
is  effei^ted.  The  various  jxjisonoua  substances  stored  up  in  I<«tw 
and  bark  may  serve  to  protect  the  plant  from  enemies,  eto. 

The  minute  jtUintj*  with  which  we  are  especially  conc^»mcd  aimil 
}>riKiuce  a  great  variety  of  substimces,  some  of  which  may  W'  asefu]  1 
to  the  species  in  the  struggle  for  existence.  Thus  the  dt^adly  pby 
maint^  pnxluced  by  stime  of  the  (>atlii)geni<'  l»act*^'ria  w«*rve  to  para- 
lyze the  vibil  resisting  jMJwer  of  living  animals  and  enatble  the  pan- 
sitic  invader  to  thrive  at  the  ex{)ense  of  its  host.  In  the  prasent 
section  we  shall  consider  in  a  general  way  these  variouj*  prodortsctf 
IttU'terial  growth. 

Piffiiient  PniilnctioH. — A  considemble  number  of  spociW  •»  | 
tlistingtiishetl  by  the  formation  of  pigment  of  various  0«>loCB  »xd 
shiules.  We  have  all  of  the  shatles  of  the  spectrum  from  violet  lo 
red.  The  color,  as  a  nde,  is  only  j^roilucetl  in  the  presence  of  oxt- 
gen,  and  when  the  pignment-pHxIucing  micro<">rgimisms  are  mniwrl 
upon  the  surface  of  a  soUd  culture  medium  the  pigment  prorlactis« 
ia  often  limited  to  the  sni*erficial  jxirtiou  of  the  maHK.  In  *«>» 
CHMes  a  soluble  pigment  is  formed  which  is  absorbed  by  tlie  tnui8f«* 
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rent  culture  medium,  coluviug  especially  the  up|>pr  fKirtion,  in  .stick 
.cultures  in  nutrient  gelatin  or  agar.  This  is  tlie  case  with  BacilluH 
pyocyaueus,  which  produces  a  hhie  pigment  wliich  has  been  isolated 
and  carefully  studied  by  Gessard  aixl  others.  The  pigment,  whicli 
is  called  pyncyanin,  is  soluble  in  chloroform  and  crystallizes  from  a 
pure  sohitioTi  in  long  blue  needles.  Acids  change  the  blue  color  to 
re<l,  reducing  substances  to  yellow.  It  resembles  the  i>tomaine8  in 
its  chemical  reactions,  being  precipitated  by  platinum  chloride  and 
phiysphomolylxiic  acid. 

In  some  media  the  color  i)rotluced  by  the  Bacillus  p3'opyaneus 
(bfieillns  of  green  pus)  is  a  tiuoreseent  green.  The  rei'cnt  studies  of 
CxessEird  show  that  this  is  a  different  pigment.  According  to  tliis 
author,  cultures  in  a  two-per-cent  solution  of  peptone  give  a  beautiful 
blue  tint,  the  production  of  whicli  i.s  hastened  by  adding  to  the  li^iuid 
five  \wr  cent  of  glycerin.  In  nutrient  gelatin  nrnX  agar  culttires  a 
fluorescent  green  color  is  developed,  which,  according  to  Qessard, 
is  due  to  the  presence  of  albumin.  Pept-one  and  gidatin  are  said  to 
pnxluce  py<K"vanin  without  the  Huorescent-green  jngment,  and  cnl- 
tui'e.s  in  bouillmi  to  give  both  this  and  pyocyanin.  In  milk  the 
tiuore8<t»nt-green  color  is  first  seen,  hut  subsequently,  M'heu  the  ca- 
sein has  been  peptonized  by  a  diastase  pniduced  in  the  culture,  pyo- 
cyanin  is  sdso  formwl.  Several  Dther  microorganisms  are  known 
which  produce  a  riuorescent-green  color,  duo  prolmbly  to  the  same 
j)igment  as  is  produced  by  the  bacillus  of  green  pus  in  albuminous 
metlia. 

Babes  claims  to  have  obtained  two  pigments  from  cultures  pf  the 
Bacillus  pyocyaneus  in  addition  to  pjocyanin  :  one, Soluble  in  alcohol, 
has  by  transmitted  light  a  chlorophyll-green  color,  by  reflected  light 
it  is  blue;  the  other,  insoluble  in  alcohol  and  chloroform,  by  trans- 
initte<l  light  is  of  a  dark  orange-red,  by  reflectetl  light  a  greenish- 
blue. 

In  Gessard's  latest  publication  {181H)  he  shows  that  the  produc- 
tion of  pyocyanin  or  of  the  Huorescent-green  pigment  does  not  de- 
pend alone  upon  the  culture  medium,  but  that  there  are  diflfereiit 
varieties  of  the  Bacillus  pym-yaneus.  He  has  succeeded  in  producing 
four  distinct  varieties — one  which  produces  lioth  pyocyanin  and 
fluorescence,  one  which  produces  pyocyanin  alone,  one  which  pm- 
duc^efl  the  fluorescent-green  pigment  alone,  and  one  which  produces 
no  pigment.  The  last-mentioned  non-cliromogenie  variety  was  pro- 
duced by  subjecting  the  second  variety  to  the  action  of  heat.  A 
temperature  of  h7°  maintained  for  Rve  minut-eH  destroyed  the  ]w>wer 
to  jirodxice  pigment  without  destroying  the  vitality  of  the  bacillus, 
which  was  propagated  through  successive  cultures  without  regaining 
this  power. 
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Thw  well-kuowu  Bacillus  prodigiosus  (also  described  as  a  mim>- 
CCK5CU8)  produces  a  retl  pig^tiient  whifh  is  inwiluble  in  water  but  eota- 
bit*  in  ak'ohul.  By  the  addition  of  an  acid  the  color  becomes  cw- 
niine  and  tlien  violet,  wliicli  is  changed  to  yellow  by  an  alkali.  The 
color  is  wiid  by  Schottelius  to  be  diffused  in  the  young  cells,  ami 
after  the  death  of  the  cells  to  he  ]>rt>.sent  in  their  \-ic-inity  in  the  fonc 
of  {granules.  The  samo  author  has  shown  that  bj'  subjecting  tht 
IwveilluB  to  spei-'ial  conditioiiH  a  variety  may  be  obtained  Mrhich  as 
longer  produces  pigment. 

The  conditions  which  govern  the  formation  of  pigment  in  ti» 
cliromogenic  bat^teria  are  determined  %\nth  comiwirative  facilitA-br- 
cau.'*e  the  results  of  changed  conditions  are  apparent  to  the  eye ;  ia 
the  case  of  pnMlucts  which  are  not  colored  the  difficulties  attending 
the  study  of  thew?  conditions  are  much  greater,  but  the  results  areia 
jiiany  instances  uun-e  important.  The  following  are  among  the  hert 
known  pigment-producing  (chi'omogenic)  bacteria  : 

Staphylfwoccus  pyogenes  aureus  (No.  1),  Staphylococcus  pyx.- 
genes  citreus  (No.  ;5).  Sarcina  aurantiaca  (No.  22f>),  Sarcina  lutoii 
(No.  237),  Bacillus  cyanogenus  (No.  257),  Bacillus  janthinus  (Sa 
"Jt!7),  Bacillus  tluorescens  liquefaciens  (No.  377).  Bacillus  indicu8(Ka 
2k;{),  Bacillus  pyucyaneus  (No.  95),  Bacillus  pitxligiosus  (No.  481), 
Spirillum  rubrum  (No.  42!t). 

Liqnefavtinn  of  (iphttln. — Many  species  of  bacteria,  when 
]>lante<l  ia  a  medium  containing  gelatin,  cause  a  liquefaction  of  the 
gelatin  in  the  immediate  vicinity  of  the  growing  microdrganianis. 
while  nuiny  others  multiply  abundantly  in  the  same  medium  with- 
out liquefjnng  the  gelatin.  This  chai-acter,  as  first  showm  by  Kodi, 
is  an  important  one  in  the  differential  diagnosis  of  speciee  which  ir> 
semble  each  other  in  form  and  in  other  re.spects.  It  hfu*  no  relatioo 
to  iMithogenic  power,  as  some  liquefying  organisms  are  hnnuleasaap- 
rojjihytt*  and  some  demlly  disease  germs,  while,  on  the  other  hand. 
n<tn -liquefying  bacteria  may  be  very  pathogenic  or  quite  inrux-enU 

Liquefa^'tion  is  j)rtJiluctMl  by  a  soluble  jjeptonizing  ferment  formcii 
during  the  growth  of  the  cells.  This  is  shown  by  the  fact  that  if  « 
liquefying  t)rganisni  is  cultivatCHl  in  bouillon  and  the  living  oeOs  »- 
moved  b)'  filtration  t>r  killtnl  by  heat,  the  power  of  liquefying  gi>|aia 
remains  in  the  culture  fluid.  This  was  first  observed  by  Bitter  (188S) 
and  independently  by  the  writer  in  1887.  In  experiments  wmuj^  (b 
determine  the  thenual  death-point  of  various  bacteria  the  writer 
found  that  when  cultures  uf  liquefying  species  were  subjected  to  a 
toiufxsrature  which  killinl  the  micr(H.Vrganisms,  a  few  drops  uf  the 
culture  ailded  to  nutrient  gelatin  which  hmi  been  liquefied  by  ImbI 
pnjventetl  it  from  sulis«><juently  forming  a  solid  jelly  when  cold. 

In  a  study  of  the  ferments  producetl  by  bacteria  which 
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liquefaction  of  gulutiu — ''tryptic  euzyme»"^iuade  by  Fermi,  in  the 
lalwralory  of  the  Hygienic  Institute  of  Munich  (IS'.M),  the  following 
results  were  obtaiued : 

The  enzjaiies  were  not  obtained  pure,  and  their  isiiUition  from 
other  proteids  present  in  the  cultures  was  found  t"  Iw  attended  with 
great  difficulties,  but  their  ferment  motion  wtus  studi<^d  and  was  found 
to  be  influenced  by  various  conditions. 

All  were  destroye<l  by  a  temperature  of  70°  C. .  but  the  enzymes 
produced  by  various  liquefying  bac'teria  differed  (•■)tisiderably  as  to 
the  temperature  which  they  were  able  to  withstand.  Some  were  de- 
stroyed by  a  temperature  of  5(>'^  to  !^'i°  C. — Bacillus  m^atherium. 
Bacillus  ramosus,  Staphylococcus  pyc)gi'ne.'<  aui'eus  ;  9<jme  by  a  tem- 
perattire  of  of)"  to  110'  C. — Bacillus  Kubtilis,  Ba<'illus  py<K'yaneus,  Ba- 
cillus fluorescens  liquefacieus,  Harciiia  anrantiaca;  some  by  H'^i  to 
Tu"  C. — Bacillus  anthracis.  Spirillum  cholera'  A.siaticie,  SpiriUmn  uf 
Finkler  and  Prior,  Spirillum  tyrogenum. 

These  enzymes,  like  the  previously  known  pepsin,  trypsin,  and 
invertin,  do  not  dialyze. 

Only  a  few  of  these  bacteria  enzymes  acte<I  ujxin  tibrin,  and  no 
action  was  observed  u]M)n  casein  or  ufM>n  egg  albumen. 

Tlieir  licjuefving  action  upon  gelatin  wa*  prcvi'utcd  by  the  action 
of  sulphuric  acid,  and  to  a  less  degree  by  nitric  acid.  V)ut  was  not  in- 
terfered wntli  by  acetic  aciil. 

The  liquefpng  bacteria,  as  a  rule,  only  produce  enzymes  when 
cultivated  in  a  metlium  containing  albumen. 

These  enz>Tnes  are  nrvt  jjrtwiueed  by  a  solution  of  the  protopla.sm 
of  dead  bacterial  cells,  but  are  a  prmluct  of  the  \-ital  activity  of  liv- 
ing cells. 

Among  the  niunerous  liquefying  bacteria  known  t^i  bacteriolo- 
gists we  may  mention  the  following  species  as  deserving  the  student's 
8{>ecial  attention  :  Staphylococcus  pyogenes  am-eus  (No.  I ),  Staphylo- 
coccus pyogenes  albus  (No.  2),  Sarciua  lutea  (No.  2'27),  Sarcina  au- 
rantiaca  (No.  226),  Bacillus  anthracis  (No.  45),  Bacillus  pyocyaneus 
(No.  9.i),  Bacillus  subtilis  (No.  370),  Bacillus  indicus  (No.  283),  Ba- 
cillus prodigiosus  (No.  284),  Spirillum  choleriB  Asiatic^e  (No.  Ifl.'i), 
Spirillum  of  Finkler  and  Prior  (No.  15(J),  Proteus  vulgaris  (No.  97). 

Production  of  Acids. — Numerous  bacteria  give  an  acid  reaction 
to  the  media  in  whicli  they  are  cultivated,  and  the  acids  produced 
are  various — lactic,  acetic,  butjiic,  propionic,  succinic,  etc. 

The  power  to  produce  an  acid  is  well  shown  by  sulding  to  neu- 
tral or  alkaline  culture  media  a  solution  of  litmus.  The  change  in 
color  due  to  the  formation  of  an  acid  may  be  followtnl  by  the  eye, 
and  comparative^  tests  may  be  made  to  aid  in  the  differentiation  of 
similar  bacteria. 
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A  cuJiwitlt'niblu  iiuinl>yr  of  bacteria  arc  able  to  produce  Utctif 
aciil  fnini  milk  sugar  and  other  carlM)liydrateH.  One  of  these  » 
roiisidered  tht"  s|wfiHl  lactit-afid  fennent — Bacillus  acidi  lactici — aai 
is  the  usual  cause  of  the  acid  fennentation  of  milk.  Pure  cultniw 
of  tluH  l»M'illua  iiitriRliiced  into  sterilized  milk  or  solutions  of  milk 
sugar,  cane  ^^uga^,  dextrin,  or  manuite,  give  rise  to  the  lactic-jM-iil 
fen  lien  tiitioit,  in  >vliich  carbonic  acid  is  also  set  free.  The  pnjccK 
riiiuii-es  free  accesH  of  oxygen,  and  pi-ogre-sses  most  fav<)rably  at  a 
teiiiiKMHtiire  of  '^ri°  to  +0"  C. ,  cetising  at  about  45".  In  tuilk,  rx«gii> 
lation  of  the  rn-stnii  occurs  within  fift+'ca  to  twenty-fcnir  hourti  afler 
arlding  a  small  quantity  of  a  pure  cultui-e  of  the  hictic-aoid  bficQloik 
This  is  not  due.  however,  U>  the  sicid  ferine]  itsition.  but  to  a  fti 
rcs4'nib!iiig  that  of  rennet,  whii'h  is  jtrtKlucwi  by  many*  dn  ■ 
bacteria,  some  of  wliieh  do  not  prixluce  lui  acid  i-eaction  of  the  milk. 
Among  the  l«icteria  which  prtKliire  lactic  acid  from  milk  su|;arw« 
may  mention  the  sta]>hyIoeM«'ct  of  pus.  Bacillus  lacti.s  aoroj^nee,  nod 
Baeillus  coli  frimmunis. 

The  fonnula  showing  thi'  tran.sformation  of  sugar  into  lactio 
acid  is  usually  stated  as  follows  :  C.H„().  =  -2(110,11,0,). 

Jcf'/fc  fir»V/ is  also  producrtl  from  dilute  84)lutions  of  akx)h<il  by 
tlie  aetion  of  a  sj)tH.'ial  bacterial  fennent,  which  accumulates  upm 
the  surface  of  the  fluid  as  a  mycoderma,  c^jnsisting  almoet  entirrlr 
of  tlie  Bacillus  twvticus  (Mycodenna  aceti).  Free  accesK  of  oxygen 
is  retiuin^d,  and  a  temiierature  of  about  33°  C.  is  most  favorable  to 
the  process.  Accortling  to  Duclaux,  the  "  Myc<xienna  aceti  **  oiri- 
dixes  the  alcohol,  in  solutions  containing  it.  so  long  as  any  is  prt«i<nt. 
and  when  it  is  exhausteil  it  oxidizes  tlie  wetic  acid  preWouslr 
fonnwl  by  oxidation  of  the  alcohol,  producing  from  it  carbon  diox- 
ide and  wtiter. 

The  forriuition  of  acetic  acid  from  alcohol  is  shown  by  tlie  follow- 
ing formula  :  Ethyl  alcohol  CH,.CH,,<  Hi  +  0,  =  CH,.c"oOH+ H.O. 

Tititifric  acid  is  pn«luccd  by  a  cotLsiderable  number  of  bacteria, 
one  of  which,  named  Bacillus  butyricus.  has  re<'eivetl  the  special  ai> 
tention  of  Prazm«>wski.  This  is  strictly  anaerobic.  In  solutions  «if 
starch,  dextrin,  sugar,  or  sidts  of  lactic  acid,  when  oxyjjen  is  ex- 
cIikIimI  it  pnxluces  butyric  acid  in  considerable  quantity,  and  at  th»' 
same  time  carl  Mjn  dioxitle  and  hydrogen  gas  are  set  fret>.  DticLrax 
gives  the  folhjwing  fonnula  of  a  solution  containing  la<^-tat'e  of  Ume 
in  which  the  action  of  the  butjTic-acid  fennent  may  be  well  studied : 


Water. 

Ijictate  of  lime  ({lure), 
Pho8|ih)il).>  of  Hiuiiionia, 
Phcmiiliiite  of  p<»ta»h,. 
8ulph)tl>>  I  if  inuifiK'sa, 
BulpliaU-  uf  utiiiuoniu, 


8  to  10  lilPOft. 

225  graintneK. 

0.7S 

0.4 

0.4 

0.2 
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This  is  iiitrodueed  into  a  flask  \vith  two  necks,  such  as  is  shown 
in  Fig.  77.  Having  filled  the  fla.sk  with  the  culture  liquid,  the  lient 
neck  is  dippeit  into  si  porcelain  dish  containing  the  isame.  Heat  in 
then  apjtlied  both  to  flask  and  dish,  and  the  liquid  iu  each  is  kept  in 
ebullition  for  half  an  hour.  By  thin  means  the  air  is  completely 
driven  out  of  the  fltisk.  This  is  now  allowed  to  cool,  while  the  fluid 
in  the  shallow  dish  is  kept  hot,  so  that  the  liquid  mounting  from  it 
into  the  flask  shall  be  free  from  air.  When  the  flask  is  full  it  is 
transferred  to  an  incubating  oven  heated  to?,'*'  to  30°  C.  and  the  bent 
tube  is  immersed  in  a  dish  contiiining  mercurj-.  The  little  fuiuiel 
attached  to  the  upright  tube  is  then  filled  with  carbon  dioxide  and  a 
culture  of  the  butyric-acid  bacillus  is  introduced  into  the  funnel. 
By  tm-ning  the  stoi)cock  in  the  upright  tube  a  little  of  the  cidture  is 


Via. 71. 

admitt^i  to  the  fljisk  without  admitting  any  air.  Fermentation  com- 
mences very  soon,  as  is  seen  by  the  bubbles  of  gas  given  off.  The 
liquid  loses  its  transparencv  and  the  lactic  acid  is  gradually  con- 
8umo<l.  butjTate  of  lime  taking  the  place  of  the  lactate. 

Aerobic  bacilli  capable  of  producing  butj'ric  acid  in  cultiuv  solu- 
tions containing  grajie  sugar  or  milk  sugar  have  also  been  describe<l 
by  Lilmrius  and  by  Hueppe. 

Fitz  has  shown  tliat  in  culture  solutions  containing  glyc<?rin  the 
Bacillus  pyocyaneus  produces  butyric  acid  in  addition  to  ethyl  alcohol 
and  succinic  iicid .  Bacillua  Fitzianus  also  produces  some  butjTic  acid 
in  solutions  containing  glycerin,  although  the  principal  pi'oduct  of  the 
fermentation  cause<l  by  this  microcirganism  is,  according  to  Fit?., 
ethyl  alcohol,  twenty -nine  grammes  of  which  may  Ix;  obtained  from 
one  hundred  grammes  of  glycerin. 
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Botkin  (1S9'2)  has  described  a  "  Badllus  butyriciis "  (Xo.  46«;i 
which  !ie  has  iint  been  able  to  identify  positively  with  the  butyric* 
acitl  ferment  described  by  Prazmuwski.  It  is  a  widely  di.stribtited 
anaerobic  bacilhis,  which  he  was  able  to  obtain  from  milk  or  water 
containing  it  by  placing  it  in  the  steam  sterilizer  for  half  an  hoar. 
The  spores  resisted  this  temperature  and  subsec^uentl.v  grew  in  anae- 
robic cultures,  in  a  siiiitable  medium,  while  aD  other  bacteria  and 
spores  present  were  destroyed . 

The  writer  has  described  a  bacilhis  which  caxises  active  a 
fermentation  in  culture  solutions  containing  glycerin.  The  acid 
formed  is  volatile  and  is  probably  propionic  acid — see  Bacillus  acidi* 
fonnans. 

The  Caucasian  milk  fermeiif — Bacillus  Kaukasiciis — prodacef 
a  variety  of  products  in  the  fermenti'd  milk  which  is  a  favorite 
drink  among  the  Caucasians.  The  priiuijial  ones  are  ethyl  alcohol, 
lactic  acid,  and  carbon  dioxide,  but  in  addition  to  these  small  «|uaQti' 
ties  of  succinic,  butyric,  and  acetic  acids  are  fomiecl.  Tlie  inhabi- 
tants of  the  Caucasian  mountains  prepare  this  fermented  dniik  in  a 
veiy  simple  manner  from  the  milk  of  cows  or  goats,  to  which  they 
add  the  dried  ferment  collectetl  from  a  receptacle  in  which  the  fermen- 
tation had  previously  taken  place.  Fliigge  gives  the  following'  di- 
rections for  the  prepjiration  of  this  drink  : 

"Two  methods  may  be  emplrtyod.  In  the  first  the  dry  brown  kefirkiir- 
nrr  of  coinnuMvo  are  allowed  I*  lie  in  water  for  five  to  six  hours  until  iher 
swell;  th<'y  are  tlien  carefully  washed  and  placed  in  fres>h  milk.  wbicL 
Hhuiitd  be  changed  once  (M-  twice  a  day  until  tlie  kiirner  become  pure  wbJtr 
in  color  and  when  placed  in  frc.sh  milk  nuickty  Uioutit  to  llie  surfac* — in 
twenty  l<i  thirty  minutes.  One  Hire  of  milk  is  then  poured  intoa  flnak  andt 
fall  tahli'spoonfnl  of  the  prei>aiTd  ArirMfr  adited  1o  it.  It  is  allowed  to  stand 
njM't)  fnr  live  to  eifflit  hours;  the  flask  is  then  eli wed  and  kept  nt  18"  C  It 
slnmld  tie  shaken  every  two  hours.  .At  the  pad  of  twenty  ff»up  hourv  the 
milk  is  |M)nred  ihroutrh  a  line  sieve  into  another  Mask,  which  niuNt  not  bt 
more  tliati  four-lifllis  full.  This  is  corked  ami  allowed  to  st.-ind.  bvio; 
shaken  from  time  to  lime.  At  the  end  of  twenty  four  hours  a  dnnk  i»  ok^ 
tained  which  conlain.s  but  little  C'Oa  or  alcolud.  Usually  it  is  not  drank 
«intil  the  second  <lay,  when,  uptin  staiidinj;,  two  layere  are  fortiic*d,  \hf 
hiwer  milky,  ti'anslucent,  and  the  u|>i)ep  containing  fine  flakps  of  caaein. 
When  .shaken  it  has  a  cream  like  consiateiioc.  On  the  thini  day  it  a^^min 
becomes  tlnn  and  very  acid. 

'•  The  second  method  i.s  u.sed  when  on*^  has  a  pood  kefir  of  two  or  three 
days  to  start  with,  Thn'e  or  four  pai'tK  of  fresh  cow's  mdk  are  ndded  to  one 
part  of  this  and  ponnnt  into  llasks  \.*hich  are  allowed  to  stand  fi>r  fortj- 
fiplil  hours  with  occa.stonal  sliakinsf  W.ien  the  drink  is  i'«5a<ly  fc»r  use  a 
portion  (one  fifth  to  one  thirds  is  left  in  the  flask  as  ferment  fora  firch 
quantity  of  milk..  The  temperature  should  be  maititaine<i  at  about  18*  U.; 
but  at  the  commencement  a  hijfher  temperature  is  deainible.  The  IcHrmer 
shoidd  Ik!  cari'fully  cleaned  frfim  lime  to  lime  and  broken  tip  to  the  she  of 
peiLS.  The  cleaned  kiirner  may  be  dried  upon  blotting  pjiper  in  the  sua  or 
m  the  vicinity  of  a  stove:  when  dried  in  the  air  they  retain  their  powarto 
gerniioate  for  a  long  time." 

Fermentation  of  urea.     The  alkaUne  fermentation  of  urine  t» 
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cflFecttHl  by  various  microorgaiiisms*  but  rliii-tly  by  tbt>  MicrorcK-cus 
iireuB.  tht^  feinipnt  action  of  which  has  bcfu  carefully  stndicil  liy  Pas- 
teur, Duc^laux.  and  others.  The  change  which  <iccurs  under  the 
action  (if  the  living  fenneut  was  detennined  by  the  chemist  Dumas 
as  long^  ago  as  l.s;tO.  but  it  remained  for  Pasteur  to  show  that  this 
change  <lepend«  ujjou  the  }l^e^^tmce  an»l  vital  a<-tivity  of  a  living 
microiirganisiu . 

Tlie  transformatioa  of  urea  into  carbonate  of  ammonia  is  shown 
bv  tlio  following  formula  :  COH.N,  +  2H,0  =  CO,  +  2NH,  + 
H/)  =  (NH.XCO.. 

Acconling  to  Van  Tieghem,  Micrococcus  urete  continue*  to  grow 
in  a  li*juid  containing  as  much  an  thirteen  per  c-ent  of  carbonate  of 
anuuonia.  It  may  bo  cultivated  in  an  artificial  w.hition  of  urea,  with 
the  a<ldititjn  of  some  phuHphat^s,  as  well  as  in  urine. 

The  Bacillus  urefE  of  Miquol  has  also  the  power  of  producing  the 
alkaline  fermentation  of  urine,  but  it  dot^s  not  thrive  in  so  strong  a 
solution  of  carlxmate  of  ammonia. 

A  diffei"ent  micriX'ix-cus — Micri>coccus  ureae  lit|uefticiens — naa  also 
been  8tudio<l  in  Flugge's  laboratory  which  possesses  the  same  power. 
According  to  Musculus.  a  soluble  ferment  may  Ik»  isolated  from  urine 
which  has  undergone  alkaline  fennentation.  which  changes  urea  into 
carbonat-e  of  ammonia.  He  obt^iinefl  it  from  urine  containing  con- 
siderable mucus,  in  a  case  of  catajTh  (jf  the  bladder.  But  Leidie  has 
shown  that  cultu!-es  of  Micrococcus  ureje  from  which  the  micrm'iKV 
cuB  was  removeii  by  iiltration  through  clay  do  not  induce  alkaline 
fermentation.  The  soluble  ferment  obtained  by  Musculus  must 
therefore  be  from  some  other  source. 

Miquel  has  given  sjjecial  attention  to  the  study  of  bacteria  which 
protluce  alkaline  fermentation  in  urine,  and  in  addition  to  the  bjh?- 
cies  above  inentiimetl  has  described  the  following  :  Urohacillns  Pas- 
teuri,  Urobacillus  Dnclauxi,  LIroiiacillus  Freud  en  reichi.  Uroliacilhis 
Maddoxi,  Urobacillius  Schut/.enl>ergi. 

Viscotis  fenneutnfion,  A  special  fermentation  which  occurs 
sometimes  in  wines,  and  in  the  juices  of  bullMius  roots  containing 
glucose,  and  in  jnilk,  is  produced  by  various  bacteria.  One  of  these 
is  a  micrococcus  which  has  been  described  by  Conn  under  the  name 
of  Micro<.':occus  lactis  viscosus.  The  fermented  juices  l)econie  very 
viscous,  owing  to  the  formation  of  a  gum-like  product  resembling 
dextrin;  at  the  same  time  mannite  and  CO,  are  produced.  TIjc 
gum-like  substance,  called  viscose  by  Becliamp,  is  soluble  in  cold 
water  and  is  precipitatetl  by  alcohol.  Gu3llel>eau  (lSy2)  has  de- 
scribecl  a  micrococcus  and  a  bacillus  which  produce  viscous  fer- 
mentfition  in  milk — Micrococcus  Freudenreichi  and  Bacillus  Hessi. 
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A  micro<'<x'rns  prcKliinnf;  viscous  fennentatjon  in  milk  has  abo 
l)oen  described  by  Sc-hiniclt-Miiljlheiin,  anil  a  luicilluH  by  LtifiBer. 
Hacillns  meRentericns  vnlj^atus  als<»  jircxlnces  a  (similar  change  in 
milk. 

Marsh  (Juh,  CH^,  is  produrp*!  l>v  the  ferinentiition  of  oellulase. 
throiifjh  the  iu-H<<n  of  micn^organisms  the  exmt  clmrHoten*  of  which 
have  not  yet  l>eeii  detenniiii'd.  Aocordinf^  to  Tapjieiner,  there  are 
two  diffei-eiit  fennentationa  of  cellulose.  The  first  ooeiirs  in  a  neu- 
tral one-jKTH'eiit  tlesli  e.^tnift  solution  to  which  cotton  or  paj)er  p»il|i 
liaa  l>et'n  added.  The  gases  given  off  are  CO,  and  CH,  and  Bmsli 
<|uantities  of  H,S.  The  »ee<«id  ferinentatioii  orcurs  when  jui  alkahm 
sokitiun  of  flc.>th  extrat't  containing  celhdoHe  in  su.**iH'nsion  is  used. 
The  gaHCH  formed  are  C(\  and  H,  In  htvth  ciises  .mnall  quantities  of 
aldeliyde,  isoluitync  acid,  and  acetic  acid  are  produced. 

Hfjdiostilj^hHvic  avid,  H^S.  This  gjiw  is  pnKluce*!  during  Uh* 
growth  of  certain  bacteria.  The  conditions  governing  itn  develop- 
ment have  l>een  studied  by  Holschewnikoff,  who  exi)eriniented  with 
two  Bpecie.s,  one  i.solated  l)y  himself  and  one  by  Lindenl>om.  name*! 
respectively  Bact-eriutn  sulfureiuu  and  Proteus  sulfureua.  The  first- 
mentioned  Imcteriuni.  when  irnH-ulated  into  eggs,  produced  within 
thret^  or  foiu' days  an  abundant  quantity  <if  H,S  ;  the  other  did  not. 
Upon  raw  albumin  both  sjiecies  prtKluctHl  but  little,  and  on  tlie  y«»lk 
of  egg  a  considerable  amount  of  this  gas.  Upon  cooke<l  t»gg  tljr 
action  was  the  reversi^.  In  pejttone-Ixiuillou  the  evolution  of  H,S 
was  abundant  ;  in  the  abs4Mice  of  jtejvtone,  very  slight. 

Pitt ri'fitcf ire  fermentation.  The  putrefactive  decompoeitioa 
of  ulbiuninous  material  of  animal  and  vegetaiile  origin  is  eflFected 
by  a  givat  variety  of  tnicrtxirganisms  and  gives  rise  to  the  f«»niui- 
tion  of  a  great  variety  of  products,  some  of  which  are  vohitile  axiJ 
are  characterizeil  by  their  offensive  odors.  According  to  Flfigge,,  th»* 
first  change  whi<'h  rH'curs  consists  in  the  transfommtion  of  the  nllrti- 
mins  into  jH']>tone,  and  this  maybe  effected  by  a  larg««  nuinlxTof 
different  bacteria.  Among  the  products  of  putrefactive  fermenfji' 
tion  known  to  chemists  are  the  following  substanc*^  ;  Curlxin  diox- 
ide, hydrogen,  nitrogen,  hydrosidphuric  acid  (K,S).  plKiMphoretted 
hydrogen  (PH,),  methane,  formic  ac"i«l,  ait>tic  JU'id,  butyric  arid, 
valerianic  wid,  |Milfnitic  acid.  crot<.inic  hcu\.  glycolic  a<'id.  oxalic 
acid,  succinic  acid,  propionic  acid,  lactic  acid.  aiuidostt5aric  twul. 
leucin,  ammonia,  ammonium  carlMinate.  amtnonium  sidpbidas  tri- 
inethylamine.  propylamine,  indol.  skatol,  tyrosiu.neuridin,  caibtvprin. 
putrescin.  cholin.  neurin,  jiept^itoxin.  and  various  other  volatile 
acids,  ptomaines,  etc. 

The  sjKvial  pr<Klucts  of  putrefaction  var.v  according  to  the  uaturr 
of  the  material,  the  «'onditions  in  which  it  is  place<l.  and  the  micni- 
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ort^nisms  present.  Ono  or  the  other  of  the  bacteria  concerned  will 
take  the  precedence  when  cin-nnistauces  favor  its  growtli.  Thus  the 
aerobic  bacteria  cannot  grow  unless  the  pntrefyinjf  material  is  freely 
exposed  to  atmospheric  oxygen  ;  the  anaerobic  spwies  itiquire  its 
exclusion.  Some  sajirophytic  bacteria  gruw  at  a  comi>aratively  low 
teiniJerature.  f>tliers  take  the  precedence  when  the  temperature  is 
high  ;  Home,  no  doubt,  thrive  only  in  presence  of  product.s  evolved 
by  other  spei'ies.  and  are  oonHeciuently  associated  with  and  depend- 
ent u{K)n  the.se  8i>ecies  :  ssome  are  restraiiunl  in  their  growth  sooner 
than  others  by  the  pr«Hlucts  evolved  sis  a  result  of  their  own  vital 
activity'  or  that  of  a«8t)ciatetl  organimms  ;  some  grow  in  the  presence 
of  acidn  and  give  rise  to  an  acid  fermentation  which  wholly  prevents 
the  development  of  other  s]>ecies. 

At  the  out^set  putrefaction  is  <>ften  atteiuloil  with  the  presence 

of  several  s|KH'ies  of  micrococci  ami  certain  large  bacilli,  which  ai-e 

disphu'ed  later  by  short  motile  biU'tcria  belonging  to  a  group  which 

includes  several  bacilli  formerly  descrilKnl  under  the  common  name 

.of  Baeteriiun  termo. 

The  mabxloroiiK  vtilatilc  prcniucts  of  putrefaction  are  to  a  consid- 
erable ext«it  produce<l  by  anaerobic  sptvies.  For  this  rea.'ion  these 
(Mlors  are  ni<>re  pronounced  when  masses  of  albuminous  niaterial 
undergo  putrefaction  in  situations  where  the  oxygen  of  the  air  has 
not  frw  a^'CPSK  or  where  it  is  JispUu'ed  by  carlMJii  dioxide.  The 
IkxIv  of  a  dead  animal,  although  freely  exiHiseil  to  the  air,  furnishes 
in  its  interior  a  suitable  nidus  for  these  anaerobic  gas- forming  spe- 
cies, and  they  may  give  rise  to  products  of  one  kind,  wliile  aerobic 
s]tt»cies  upon  the  surface  of  the  nuiss  induce  different  forms  of  jHitre- 
factive  fenuentation.  In  the  bodies  of  li\nng  animals  these  anaero- 
bic microiirgauisms  are  constantly  present  in  the  intestine,  and  after 
death  they  quickly  invade  the  body  and  multiply  at  its  expense 
tmder  favnrable  conditions  jis  to  temjierature.  The  surface  deconi- 
positioti  due  to  aerobic  bat^teria  m-curs  later  and  is  not  attended 
with  the  same  putivfactive  odors,  the  products  evolved  being  of  a 
simpler  chemical  ctinifmsition — CO.^,  HN,.  No  d*>ubt  these  aerobii.- 
Iwicteria,  by  consuming  the  oxygen  and  forming  an  atmosphei-e  of 
carbon  dioxide,  help  to  make  the  conditions  favorable  for  the  con- 
tinued development  of  the  anaerobics  in  the  interior  of  the  organic 
mass  :  at  the  sjiuie  time  they  find  a  suitable  iiabuhun  in  some  of  the 
more  complex  products  of  decomi)ositioik  occurring  in  the  absence 
of  oxygen.  The  gases  produced  in  the  interior  of  a  putref\*ing  mass 
are  mainly  CH,,  H,.S,  and  H. 

Many  of  the  bacteria  of  putrefaction  are  facultative  anaerobics — 
tliat  is  to  say,  they  are  able  to  multiply  either  in  the  presence  of  oxy- 
gen or  in  its  absence.     The  prwhicts  evolveil  by  these  differ,  no 
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iluubt,  awuvding  to  whether  they  are  or  are  not  supplie<l  with  atmc«.- 
pheric  ox3'geti. 

The    aiiiU'rubic    bacteria  rvineerueJ  in  piitrefactiim    have  as  yrt 
reeeiveil   cutiiparativoly   little  att<>iTtion.      Among  tiie  aerobics  *ai 
facultative    anaerobica  the  following  are  best  known:    Micrococnv 
fiBtiduM,    Baeilhis  f^aprogeiies   I.,  II.,  auU  III.,  Bacillus  copn 
fuetidiis.  Bacillus  putrificus  culi,  Proteus  vulgaris,  Prott'us  Zen 
Proteus  mirabilis,  Bacillus  pyogoties  fcetidus.    Bacillus   fluo; 
liquefaciens,   Bacillus  pyocyaneusi.   Bacillus  coli  cummunis,  BaciRi 
janfchiuus. 

Sohihle  Fevnu'uts. — Sevenil  s}>efies  of  bacteria  pnKluce  soluhlf 
fennents  capable  of  ehanj^ing  starch  into  jnalU>se.  dextrin,  vU: 
!Iii!('|)j)e  has  sliown  that  the  lactic-acid  Itacillus  produces  a  rliastJtsi'. 
and  Miller  obtaiiinl  from  tho  human  intestine  a  8{>ecie8  which  dis- 
Holves  starch.  Marcanti.  by  filtering^  (-ultures  of  8pe<"ie8  ca|MiIi]e<<(^ 
this  ferment  ai'tion  through  jjorcelain.  vva.s  able  to  show  that  thf 
effect  18  due  to  a  .soluble  ferment,  which  must  have  l»een  pnxlutttl 
by  the  vital  activity  of  th^  living  microorganisms.  \V(»r1inann  als^ 
obtained  a  diasta.se  from  culture  liquids  which  was  precipitated  by 
alcohol  and  again  dissolved  in  wat»T  ;  in  slightly  acid  solutioiw  it 
promptly  cun\H'rt'i^d  starch  into  glucose.  Tiiis  is  .sjiid  to  l>e  pnKlni*«l 
in  culture  lifpiids  oidy  when  these  do  not  contain  albumin.  In  Ih*- 
presence  of  albinuin  a  ]«cptoniKing  ferment  wfw  formed  :  in  its  nK 
sence.  a  diii»ta,se  by  which  starch  wa.s  dis.solved  t*)  >«Tve  as  [Kibulum 
for  tlio  bacteria  present.  Thi'se  ex{M>riments  were  not  made  with 
jiure  cultures,  and  more  exact  researches  in  this  iliroction  are  ili 
si  nible. 

A  {K'ptonizing  ferment  for  gelatin   is  ])r<Hlucetl   by  a  c<inMi(]ei« 
number  of  liacteria.  as  stated   under  the  heading  "  LiquefatTtion 
Gelatin."    The  jellified  albtnnin  in  cultiuvs  in  blood  serum   is 
li«iuefied  by  a  {leptonizing  ferment  produced  by  certain  s|>e<*i€«  of  \m^ 
teria. 

Some  authors  also  speak  of  a  soluble  ferment  capable  of  inverlm^ 
cane  sugar  or  inilk  sugar.  According  to  Huepj>e,  such  a  ff*rm«mt 
is  producetl  by  the  Bacillus  acidi  bu'tici.  A  soluble  fennent  f»ir  rr4- 
lulose  is  su])posiHl  by  Fliigge  to  be  prcHluctMl  by  several  siM'cic*— 
among  others  by  Bacillus  butvricus  and  by  Vibrio  rugula. 

Several  bm-illi  produce  a  soluble  ferment  capable  of  roaj^iilAtin); 
the  ciisein  of  milk. 

liedut'f ion  of  Nifrotfs,  tiiid  yitrijicuiioii. — The  researches  ol 
fJaj'on,  Dupettit.  and  others  show  that  certiiin  biu^teria  Bre  able  lo 
reduce  nitrates  with  liberation  of  ammonia  and  free  nitrog»Mi.  T!o& 
is  effecte^l  in  the  absence  of  oxygen  by  anaerobic  bacteriji.  ;iniL 
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among  otliers.  by  Bacillus  Imtj-ricus.  Certain  aerobic  bacteria  als«» 
itccomplish  the  same  result.  Thus  Her»ua  obtained  twu  8ptK.'ieM 
from  water  which  reduced  niti-ates  m  a  very  decided  nuiriner.  Ou 
the  other  hand,  a  number  of  species  are  knoAvn  to  oxidize  ammonia. 
])roduciug  nitiic  acid.  Schlosiug  and  Miinz,  as  a  result  of  numerous 
exjwriments,  arrive<l  at  the  conclusion  that  in  the  W)il  nitrification  is 
efftvttnl  by  a  single  .si^ecies.  But  it  is  doubtful  whether  they  wurketl 
with  pure  cultures,  and  more  recent  researches  show  that  several, 
and  probably  many,  different  l>acterin  p4>s.st»3s  thLs  power.  Accord- 
ing to  HeriBus,  the  foUownng  si>ecies.  tested  by  him,  oxidize  am- 
monia :  Bacillus  prrnliji^osus,  the  ciieese  sjjirillum  of  Deneke.  the 
Finkler-Prior  spirillum,  the  typhoid  bacillus,  the  anthrax  bacillus, 
the  staphylococci  of  pus.  The  oxidation  drtes  not  alwaj-s  go  to  the 
point  of  forming  nitrates,  but  nitrites  may  be  fonued  in  the  stjil 
(Duclaux).  Warrington  states  that  certiiin  bacteria  which  formeil 
nitrates  in  a  suitable  culture  medium  pnnluced  only  nitrites  when, 
after  an  interval  of  four  or  five  months,  some  of  the  culture  was 
transferred  to  a  solution  confeiining  muriate  of  ammoniii.  The  stuue 
authiir  states  that  the  process  of  nitrification  occurs  only  in  the 
dark. 

The  researches  of  Wiuogradskyj  of  the  Fraiiklaiids,  and  of  Jor- 
dan show  that  the  failure  of  earlier  investigators  to  obtain  the  nitri- 
fying bacteria  from  the  soil  in  pure  cultures  was  due  to  the  fact  that 
these  bacteria  do  not  grow  in  the  usual  culture  media.  By  the  use 
of  certain  saline  solutions  the  authors  named  liave  succeetletl  in  iso- 
lating nitrifying  bacteria  in  pure  cultures,  or  nearly  so.  It  is  still 
urtcertain  whether  these  investigators  have  obtained  the  same  bac- 
teria, but  the  microorganisms  descrilxti  by  them,  and  obtained  from 
%videly  distant  sources,  are  simihir  in  their  morphological  and  bio- 
logical character.-i,  and  at  least  belong  to  the  same  giou]>.  In  a  com- 
munication made  in  181>1  Winogradsk^-  arrives  at  tlie  conclusion 
that  the  ferments  which  cause  tht-  oxidation  of  ammonia  antl  pro- 
duction of  nitrites  are  not  cajiable  of  producing  nitnntes,  but  that 
other  microorganisms  are  concerned  in  the  oxidation  of  nitrites. 
In  sterilized  soil  to  which  a  pure  culture  of  his  nitromonas  was 
added  nitrites  only  were  prothiced,  and  the  presence  of  various 
microtjrganisms  common  in  the  soil  did  not  result  in  the  forma- 
tion of  nitrates  so  long  as  the  specitic  ferment  was  absent  to  whii-h 
this  second  oxidation  is  ascrilhMl  (nitrifying  bacillus  of  Winograd- 
sky). 

PhosphoieHa'Hce. — Several  different  bacteria  liave  lieen  stmlied 
which,  in  pure  cultures,  give  rise  to  phosphorescence  in  the  medi- 
um in  which  they  are  cultivate<l.  In  gelatin  cultures  the  light 
is  sufficient   in  some  instances  to  enable  one  to  tell  the   time   by  a 
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watch  in  a  perfectly  dark  room,  and  such  cultures  have  even  been 
photographed  by  their  own  light. 

The  phosphorescence  is  influenced  by  changes  in  th©  culture 
medium  and  by  conditions  of  temperature,  but  we  have  no  exact 
knowledge  of  the  mode  of  its  production.  The  Bacillus  phosphore:!^- 
cens  from  sea  water  in  the  vicinity  of  the  West  Indies  gives  the 
most  striking  results,  especially  when  planted  upon  the  surfaiv  «•£ 
cooked  fish  and  placed  in  an  incubating  oven  at  30°  C.  Two  other 
species  have  been  studied  by  Fischer — one  obtained  from  the  water 
of  the  harbor  at  Kiel,  and  the  other  a  Mridely  distrihuted  species 
called  by  Fischer  Bacterium  phosphoresoens.  Katz  (1891)  hasde 
scribed  several  species  obtained  by  him  from  sea  water  and  fn«in 
phosphorescent  fish  in  the  markets  at  Sydney,  New  South  Wales- 
Bacillus  smaragdino-phosphorescens,  Bacillus  ai^nteo-phosphorps- 
cens.  Bacillus  cyaneo-phosphorescens,  Bacillus  argenteo-phoephores- 
cens  licjuefaciens. 
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VARinrs  }»>isic  substHiices  containing  iiitroyft-n.  and  in  (.'hemiciil 
constitution  resemJjliiig^  tlie  vegetable  alkaUiitlH,  have  Iwn^n  is«Iat*^d 
l)y  cheniista  from  jiutivfving  niuteiHal  aiitl  from  eiiltureK  <»f  tho  hac- 
teria  concerned  in  i>utivfaotion,  atid  also  from  certain  pathogenic 
species.  Some  of  tiiese  pfotna/uca  are  iiou-tuxic,  ajid  others  are 
very  poisonous  in  minute  doses  {fiuinen).  The  toxic  substances 
sometimes  develojKul  in  milk,  cheese,  sausage,  etc..  are  also  t>f  this 
nature,  and  aro  doubtless  produced  by  the  action  of  micro<"'>rganisms. 
The  pathogenic  power  of  the  bacteria  which  cause  various  infectious 
diseases  in  man  and  tho  lovi'er  animals  has  also  been  shown  to  result 
from  the  production  of  toxic  ptiwnaines  or  of  toxalbumins.  Selmi  first 
gave  the  name  ptomaines  to  cadavt>ric  alkaloids  isolaUnl  by  him,  and 
Ptinum  subsequently  called  attention  to  tho  fart  tliat  poisonous  Iwsic 
substances  of  this  class  are  contained  in  putrefying  inaterial.  Ex- 
tended researches  with  reference  to  the  ptmnaiiu's  have  since  been 
iiuwie  by  uumen>us  chemists,  the  inostimjjortant  being  thos<?  of  Herg- 
manu.  Schmiedelxn'g,  Zui'lzer  and  SonnenscheiTi,  Hager,  Otto.  Sel- 
mi, Brieger,  Gautier  and  Etard,  joid  Vaughati, 

For  a  full  account  of  the  history  and  chemical  composition  of  the 
ptomaines  tho  reiuk'r  is  referred  to  the  valuable  work  of  Vaughiin 
and  Novy  ("  Ptomaines  and  Leucomaines,"  Philadelphia,  ISMl).  In 
the  present  volume  we  shall  give  a  brief  accoimt  only  of  some  of  the 
nnwt  importiujt. 

XON-TOXIC  PTOMAINES. 

AVMr?"f?/H.  C,H,,X,. — This  is  one  of  the  most  common  of  the  al- 
kaloids of  putrefiiction  and  was  isolated  In'  Brieger  in  bSS4.  It  is 
obtaiuetl  m<vst  abunfUuitlj*  fri>m  tissues  containing  gelatin.  Very 
soluble  in  water,  but  insoluble  in  ether  and  absolute  alcohol.  Has  a 
disagreeiible  o<lor. 

Cadaveriii,  C,H„N,. — Isomeric  with  neuridin  :  has  a  very  dis- 
agreeable odor  ;  forms  a  thick,  transparent,  syrupy  li<niid  ;  is  vola- 
tile, and  can  lie  di.stilled  with  steam  without  undergoing  decr)mposi- 
tion.     When  expi>sed  to  the  air  the  base  absorbs  carbon  dioxide  and 


144 


J'T<iMAIXKS   AND  TOXALBUMIXS. 


irtraM 


foniis  ii  crystjilliiu'  iuhh-s.     Ih  prmluctnl  in  cultures   of   the  chci 
spiiillnna  and  of  the  spirillum  of  Finkler  and  Prior  which  have  bew 
kept  tor  a  month  or  more  at  'i7^  C. 

Piifrescut.  C,Hj^N,,. — A  hiino  resemhling'  cadaverin  and  cota- 
monly  associatt'il  with  it.  <  )htuined  by  Briegcr  from  varioun  Hoiimes. 
most  abundantly  from  substances  containing  gelatin  and  in  the 
more  advanced  Htagea  of  putrefaction.  It  is  obtained  iu  the  fonn  of 
H  hydrate,  which  is  a  transparent  liquid  haWng  a  Ix^iling  point  of 
nlMJiit  [.i.'t  .      VVith  acids  it  forms  crj'stalline  salts. 

Saprin,  C,A,,N",. — Resembles  cadaverin  and  is  commonly  a*- 
sociated  with  it  in  putrefjnng  material.     Isolated  by  Brieger. 

Meihijlauiitu'.  CH,. NH,, — Obtained  by  Brieger  from  putrefying 
tisb  and  from  old  cultm-es  of  the  cholera  spirillum. 

Dimethijlamini',  (CH,),.NH. — Obtained  by  Briegor  from  putre- 
fying gelatin  and  by  Boi-klisch  fnmi  decompnising  tiah. 

Trimcthffhiminv.  (CH,),Jf. — Obtained  from  various  souroea, 
by  Brieger  from  cultures  of  the  cholera  spirillum  and  of  the 
coccus  of  j)ns. 

TOXIC   PTOMAINES. 

Sf'iirin,  CjH|,NO. — First  obtained  by  Liebreich  in  1865  u  a 
decomposition  protiuct  of  protagon  fnim  the  brain.  Obtained  ky 
Hri<'ger  from  pnti-ef^Tiig  muscular  tissue.  When  cr^'HtalliKMl  from 
an  aqmnnis  solution  it  forms  five-  or  six-sided  plates  ;  fr*)m  an  alcxf 
holic  solution  it  crvstallizes  in  the  f»jrni  of  neeilles  (Liebreich).  Thi» 
Irnse  is  to.Yic  in  .'^mall  doses.  In  frngs  the  injection  of  a  few  milli- 
grinuues  produces  paralysis  of  the  extremities.  Respiration  is  fiwt 
jirrested  and  the  heart  st^ps  in  tl^^ustole.  Atropine  apjK^ars  to  Imp  t 
phy  si  Illogical  antidote  to  the  toxic  effects  i>f  neurin.  In  rabbitii  il 
jjrodiu-es  profuse  salivation.  The  pupil  is  contracted  by  the  direct 
a|>plic(ition  of  a  concentrated  s«)lution. 

i^hftlin,  C,H,,XO,. — First  obtained  from  hog's  bile  by  StredRT 
in  I86'i,  Has  been  obtained  by  Brieger  from  various  Houroes,  in- 
cluding cultures  of  the  cholera  si»irillum.  It  is  also  found  widdr 
distributee!  iu  the  vegetable  kingdoni.  May  U'  preiMir»««l  frtmi  tiie 
yolk  of  eggs  by  the  method  of  Diakonow.  Cholin  is  ubt^iineil  in  th* 
form  of  a  syrupy,  alkaline  licjuid  which  combines  with  acids  to  form 
d<'li<pies<.'ent  sjilts.  At  tirst  this  basi^  was  not  su)il>osed  to  h^ive  toxi*' 
pnnH'rties,  but  raoiv  recent  res^iarches  hjjve  shown  that  in  oompan- 
tively  large  df»(W's  it  prfMluces  symptoms  resembling  tlioev  caiued  lijr 
minute  dows  of  neurin. 

Muscttn'u.  C\H,jNO,.— This  toxic  jhrinciple  of  poisonoii»  mtt^ 
rtH>ms  has  als4»  been  obtained  by  Brieger  from  putrefjang  tish.  It  toKf 
U'  pro<luced  artificially  by  the  oxidation  of  cholin.  In  stnall  tUwrn 
it  kills  rabbits  and  frogs.     In  the  rabbit  it  prothices  lacryination  tad 


PTOMAINES  AND  TOXALBUMINS. 


145 


salivation,  the  pupil  is  contracted,  and  the  animal  dies  in  convul- 
sions. Frogs  are  completely  paralyzed  by  the  action  of  mnscarin 
and  die  with  arrest  of  the  hearfs  action  in  diastole. 

Peptntoxin. — The  exact  composition  of  this  ptomaine  has  not 
been  determined,  Brieger  obtained  it  during  the  early  putrefac- 
tion of  proteid  subHtances  and  also  from  the  artificial  digestion  of 
I  fibrin.  It  is  very  poisonous  for  f  rf>gs,  which  iMX'ome  paralyzed  and 
die  within  fifteen  or  twenty  minutes  after  the  suljcutaueous  injection 
of  a  few  drops  of  a  dilute  solution.  Rabbits  also  are  killed  by  doses 
of  half  a  gramme  to  a  gramme,  the  aymptoms  being  paralysis  of  the 
posterior  esrtremities  and  stupor.  Peptotoxin  is  soluble  in  water, 
but  in-soluble  in  ether  or  chlon>form.  It  is  not  destroyed  by  Ixiiling. 
Tyrodixivim. — First  obtained  by  Vaughan  in  poisoiinu.s  cheese, 
and  subsequently  by  the  same  chemist  and  others  in  poisonous  milk 
and  ice  cream.  Chemically  tyrotoxicon  is  very  unstable.  It  is  de- 
compose<l  when  heated  with  water  to  00'^  C.  It  is  insoluble  in  ether. 
From  sixteen  kilogrammes  of  poisonous  cheese  Vaughan  obtaine<l 
0. 5  gramme  of  the  poison.  The  symptoms  profluced  in  man  by  eat- 
ing cheese  or  milk  containing  tyrotoxicon  are  vertigo,  nausea,  vomit- 
ing, and  severe  rigors,  with  pain  in  the  epigastrium,  cramps  in  the 
legs,  griping  pain  in  the  bowels  atti>nded  with  purging,  numbness 
and  a  pricking  8ensati<^)n  in  the  limbs,  and  great  prastration. 

Mf'thifl-guimidin,  CjH,!N",. — Obtained  by  Brieger  from  putrefy- 
ing horsertesh  which  had  lieen  kept  at  a  low  ti^mperatnre  for  several 

■  months.  This  base  was  previously  known  to  chemists,  having  been 
obtained  by  the  oxidation  of  creatin.  By  Bocklisch  it  has  l>eeu  ob- 
tained from  impure  cultures  of  the   Finkler-Prior  spirillum  which 

■  had  been  kept  for  aboxit  a  mtrntli.  It  is  obtained  as  a  colorless  mass 
'  ha\nng  an  alkaline  reaction,  and  which  is  quite  dpliijuescent.  Brie- 
ger gives  the  following  account  of  the  toxic  action  as  tested  on 
guinea-pigs  in  a  dose  of  <\.'i  gramme  ;  The  respiration  incrcjises  in 
rapidity,  the  pupils  dilate  to  the  extreme  limit,  the  animal  has  copi- 
ous di.scharge8  of  urine  and  fioces,  the  extremities  become  paralyzed, 

Pand  at  the  end  of  about  twenty'  miimtes  death  occurs  in  convulsions. 
MytiUjUwin. — ( Obtained   by   Brieger   from    poisonous    mussels. 
The  toxic  action  resembles  that  of  curare. 

»Tijphfito.vin,  C;H,,NO,. — Obtained  by  Brieger  from  bouillon 
cultures  of  the  tj'phoid  bacillus  which  had  Ix'cn  kept  for  a  W€»ek  or 
more  at  a  temperature  of  about  37.5^  C.  In  mice  and  guinea-pigs 
this  base  produces  salivation,  rapid  respiration,  dilatation  of  the 
pupils.  dian'h<ea.  and  death  in  from  twenty-four  to  forty -eight  hours. 
It  is  believed  by  Brieger  that  \\w  specific  action  of  the  tj-phoid  bacil- 
lus is  due  to  the  production  of  this  ptomaine. 

A  base  which  is  isomeric  with  tvphotoxin  has  been  obtained  by 
10 
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Brieger  from  putrefying  liorseflesh  which  was  kept  at  a  low 
rature  for  several  months.     Unlike  it.  liowever,  the  free  base 
an  acid  n>acti(Hi,  whilt!  tyj)h<>t<ixin  is  strongly  alkaline.     It  diffenaiaa 
in  its  physiolofpoal  iu-tion,  being  more  toxic  and  producing  con«Til- 
sions  ;  the  ht-art  is  arrested  in  dia.st^)le.     Typln>toxin,  on  the  otliT 
hand,  dcHJs  not  induce  convulKions  and  the  h«?art  is  arrested  in  systolet 

Tetaniti,  C„H„N,0,. — Obtained  by  Brieger  from  impure  cul- 
tures of  the  tetanus  bacillus  cultivated  in  bouillon  in  an  atmoflpben- 
of  hydrogen.  (The  tetanus  Ijaeillus  is  a  KtrictaiiHerobic. )  Obtained 
subsequently  by  the  satne  chemist  from  the  aniputat<»d  arm  of  a  ft- 
tient  with  tetanus.  This  base  has  been  obtaine<l,  by  crystalliznti< 
fn>ni  hut  alcohol,  in  clciir  yellow  plates  which  are  not  very  soluble 
water.  The  liydrochloride  is  a  deliquescent  salt  which  diseolv€« 
readily  in  alcohol.  When  injecte<l  int«  guinea-pigs  or  mice  in  rathtf 
large  doses,  tetania  first  causes  the  animal  t»j  fall  into  a  lethargic 
condition,  followed  by  increasetl  rapidity  of  respiration  and  tetenie 
convulsions.  In  guinea-pigs  opisthotonos  is  induce*!,  together  with 
the  characti'ristjc  tetanic  convulsions  as  8et«u  in  aniinaln  HufForing  frucn 
tetiinus.  Three  other  toxic  bases  have  been  obtaiue<l  by  Brieger 
from  cultures  of  the  tetanus  bacillus,  which  cause  similar  svmptoni& 
One — tetiiuotoxiu — is  given  by  Brieger  the  formula  C,H,,X.  A 
second  bi\se,  the  composition  of  which  has  not  been  determined,  «• 
calleil  Mpfumiotttxin. 

Choli'rn  J'tomninea. — Brieger  has  obtained  from  pure  cultam 
of  the  cholera  spirillum  several  of  the  toxic  ptomaines  heretofore  in- 
ferred to — ("adaverin.  putrescin,  cholin,  mothyl-guanidin.  In  addi- 
tion to  the.se  he  found  two  toxic  substances  which  api^ear  to  \m>  pe- 
culiar pnxlucts  of  this  micro^irganism.  One  induceH  crainjw  Juid 
muscivlar  tremors  in  small  animals,  the  other  diarrhcea  and  Bjrni^ 
toms  of  collapse. 

Tox album  ins. — Researches  by  Brieger  and  Frankel  (1890)  abov 
that  verj'  toxic  substances  of  a  different  nature  are  present  in  culttina 
of  some  of  the  t>atliugenic  bacterium  these  have  been  designated  bv  the 
authors  named  "  toxalbumins. " 

Rmix  and  Yersin  had  previt)usly  shown  that  filtered  cultures  of  th* 
diphtheria  kicillus  contain  a  toxic  substance  which  pnxluoes  piuBlrat 
and  death  in  guinea-pigs  and  rabbits.  This  substance  has  nowb«vs 
obtained  in  a  pure  state  and  its  toxic  action  t©8te<l  by  the  autliun 
first  name<l.  It  is  destroyed  by  a  temj)erature  of  60°  C,  but  remain 
in  an  active  condition  in  cultures  which  have  been  sterilized  bv  •!♦»«- 
ral  hours'  exjMwure  to  a  teni|>erature  of  50',  or  in  those  which  haw 
been  passtnl  through  a  clay  filter.  It  is  not  vohitile.  and  differs  cmri- 
tially  from  the  ptomaines  and  also  from  the  soluble  fernicnta.  Il 
was  obtained    as    a  snow-white,  amorphous  mass  which   was  ex- 
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tremely  toxic  ill  its  action  npon  small  juiiinals.  When  injected  into 
guinea -pi  g.H  in  the  pruiKirtion  of  iwn  and  une-luilf  milligrHiiiitU'S  to 
one  kilo^amme  of  body  weight,  it  CHUsetl  death  after  a  considerable 
interval  of  time  (from  a  few  days  t«  swneral  weeks),  during  which 
the  animal  becjime  euiariateil  and  spreading  abscesses  and  necrosis 
«if  the  tissues  occurred  at  the  point  of  injection.  This  toxalbunTin 
was  obtained  in  a  pure  stat«  by  repeated  precipitation  from  an  aque- 
ous sohition  by  means  of  alcohol.  It  is  produced  most  abundantly 
in  cultures  containing  albumin,  and  oUl  cultures  are  ni<»re  toxic  than 
recent  ones.  Chemical  analysis  gave  the  follo\ving  result  :  C  45, 35, 
H  r,  13,  N  IG,  33,  S  1,  39,  0  21),  80.  The  authors  remark,  however, 
that  the  chemical  characters  have  not  yet  Ixx-n  full)'  determined. 

The  same  chenusts  have  obtatued  toxic  substances  of  a  similar 
nature  from  cultures  of  the  bacillus  of  tjidioid  fever,  of  the  tetanus 
bacillus,  of  the  Stiiphylocix'cus aureus,  and  of  the  cholera  spirillum. 
Hankin  had  previously  obtained  a  toxic  ''albumose"  fri>m  cultures 
of  the  anthrax  bacillus  by  precipitation  with  alcohol,  dr\'ing,  solu- 
tion in  water,  and  filtration  through  jHtrcelain  ;  and  Christmas  had 
obtained  an  albuminous  substance  from  cultures  of  Staphylocuccus 
aureus  which  produced  pus  formation  when  injected  beneath  the 
sldn  of  rabbits  or  into  the  anterior  chamiier  of  the  eye. 

According  to  Brieger  and  Friinkel,  these  toxalbumins  are  divided 
into  two  principal  groups,  one  (»f  wiiich  is  characterized  b}'  solubility 
in  water,  aa  in  that  produced  by  the  diphtheria  bacillus  ;  and  one  in 
which  the  albumin  is  insoluble  or  but  slightly  soluble,  as  is  the  case 
with  those  obtained  from  cultures  of  the  typhoid  bacillus,  the  cholera 
spirillum,  and  the  Staphylococcus  aureus. 

The  toxalbujuin  from  cholera  cultures,  obUiined  as  pure  as  pos- 
sible and  suspended  in  water,  when  injected  under  the  skin  of  a 
guinea-pig,  caused  its  death  in  two  or  thret?  days.  It  wiis  not,  how- 
ever, toxic  f»>r  rabbits,  even  when  injected  in  consideniltJe  quantity. 

On  the  contrary,  the  toxalbuniin  of  the  t)ijhoi<l  bacillus,  winch  is 
dissolved  with  difficulty  in  water,  was  more  poisonous  for  rabbits 
than  for  guinea-pigs.  When  injected  subcutaneously  into  rabVjits 
death  usually  occurreil  in  eight  to  ten  day.s.  No  notable  pathologi- 
cal changes  were  observed  at  the  autojwy. 

The  toxalbumin  of  Stjaphylococciis  aureus  kilknl  rabbits  and 
guinea-pigs  within  a  few  days,  and  in  some  cases  at  the  end  of 
twenty-four  hours.  The  p<jst-mortem  appearances  were  necrosis  or 
purulent  breaking  d(jwn  of  the  tissues  at  the  point  ttf  injection,  \vith 
swelling  and  redness  of  the  surrounding  tissues  and  general  inflani- 
matory  appearances.  The  toxalbumin  of  anthrax  cultures  resembles 
that  of  the  diphtheria  bacillus  in  being  soluble  in  water.  It  Wixs 
obtained  by  Brioger  from  the  organs  of  animals  recently  iload  from 
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aiithrax.     In  si  dry  condition  it  has  a  grayish-white  color  and  girta 
the  reactions  iif  albuiinns. 

The  toxalTjuuiin  uf  the  tetanus  bacillus  is  also  soluble  in  watec. 
It  is  best  obtaine<l  in  bouillon  cultures  containing  glucose. 

G.  and  F.  Xlemperer  (1801)  have  announced  their  suooees  in 
obtaining  a  toxallnimiu  from  cultures  of  Microooccus  pneataonic 
croujKiHiG  ('(liplococcus  pueumoniaj');  this  they  propose  to  call  pnc^ 
motoxin. 

Koch's  "  TubercuIin/'^ — This  is  a  glycerin  extract  of  the 
substances  present  in  cultures  of  tlie  tuljercle  bacillus.  Crude  1 
berculin  is  obtained  f  remi  liquid  cultures  made  in  veal  broth  to  wfaidh 
one  per  cent  of  jieptone  and  four  to  five  jxjr  cent  of  glycerin  haw 
been  added.  This  culture  liquid  is  placed  in  flasks  and  inoculaisd 
upon  tbo  surface  with  small  masses  from  a  pure  culture  of  the 
bercle  bacillus.  A  tolerably  thick  find  dry  white  la^'er  is  develc 
which  after  a  time  covers  the  entire  surface.  At  the  end  of  six  it 
eight  weeks  development  ceases  and  the  culture  liquid  is  eva| 
over  a  water  bath  to  one-tenth  its  volume  ;  this,  after  being  filt 
constitutes  the  crude  tuberculin.  By  precipitation  with  sixty  •per* 
cent  alcohol  Koch  has  obtained  from  this  a  white  precipitaite  whidi 
has  the  active  properties  of  the  glycerin  extract.  ThLs  is  soluble  in 
water  and  in  glycerin,  and  has  the  chemical  reactions  of  an  albund- 
nous  body. 

Zuelzer  has  (I8fi1)  reported  his  success  in  isolating  a  toxic  mb- 
Btance  from  tubercle  cultures.  The  contents  of  tubes  containing 
pure  cultures  of  the  bacillus  are  first  treate*!  with  hot  walv 
acidulated  with  hydrochloric  acid.  This  solution  is  filtered,  evajn- 
rated,  and  then  several  times  precipitateil  \vith  platinum  chl< 
The  double  salt  forTne<l  is  decomix>Hed  by  hydrosulphuric 
after  which  the  litjuid  is  filtei-ed  and  evaporat4.Hl  to  drjneas.  A" 
white,  cr\"stalline  Hidt  is  thus  obtiiined  which  is  soluble  in  hot  w«l 
This  salt  was  t<»xic  for  rabbits  an<l  guinea-pigs  in  doses  of  frtwiii 
to  three  centigrammes.  Death  usually  occurred  in  from  two  to  four 
days.  In  guinea-pigs  one  centigramme  injectetl  subcutaneooilj 
caused,  mtliin  a  few  minutes,  a  greatly  inrreJised  frequency  of  niph 
nition,  an  elevation  of  temiK>rature,  and  i>rotriision  of  the  eyeballs, 

Mnlleln. — Kalwing,  Preusse,  ami  Pears<*n  have  obtainiMl  firan 
cultures  of  the  glanders  biicillus  a  '*  hinph  "  which  somewhat  i»- 
sembles  the  crude  tulM^rcidin  nf  K<M>h.  This  was  obtiiined  by 
Preusse  by  treating  old  jm  >tato  ctdtures  of  the  glanders  hft/^llt^ff  yn& 
glycerin  and  water.  The  extract  was  filtered  several  times  and  Cbea 
sterilized  in  a  stetun  sterilizer.  This  lymph  injected  iitto  hor906  to* 
fect«d  with  glanders  gives  rise  to  a  very  dt»cided  elevation  of  temp*- 
rature,  while  in  horses  free  from  this  disease  no  such  result  follows. 
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Heat. — We  have  already  seen  (Section  IT.,  Part  Second}  that  the  * 
temperature. favorable  for  the  growth  of  most  bacteria  is  lietween  20° 
and  4<J°  C  ;  that  some  species  are  able  to  multiply  at  the  freezing  tem- 
perature, and  others  at  as  high  a  temjjerature  as  (jO^  to  70""  C. :  that, 
as  a  rule,  the  parasitic  species  require  a  temperature  of  35"  to  -W^; 
and  that  low  temperatures  do  not  kill  bacteria. 

Frisch  (1S77)  exposed  various  cultures  to  a  temperature  of  —  S7''  C, 
which  ho  obtained  by  the  evaporation  of  licjuid  CO,,  and  found  that 
micrococci  and  bacilli,  after  exposure  to  such  a  temperature,  multi- 
plied abundantly  when  again  placed  in  favorable  conditions.  Prud- 
den  has  also  made  extended  experiments  upon  the  influence  of 
freezing.  He  found  tliat  while  certain  species  resisted  the  freezing 
temperature  for  a  lung  time,  others  failed  to  grow.  Thus  Bacillus 
prodigiosus  did  not  grow  after  being  frozen  for  fifty-one  days  ;  Pro- 
teus vulgaris  was  killed  in  the  sfime  time,  and  a  slender,  liquef  jnng 
bacillus  obtained  from  Crotua  aqueduct  water  was  killed  in  seven 
days.  Staphylococcus  pyogenes  aureus  withstooii  freezing  for  sixty- 
six  days,  a  fluorescent  bacillus  from  Hudson  River  ice  for  seventy- 
seven  days,  and  the  bacillus  of  tj'phnid  fever  for  one  hundred  and 
three  days.  Cultures  mtule  at  intervals  showed,  however,  a  dimi* 
nution  in  the  nimiber  of  bacteria.  A  similar  diminution  would  per- 
haps have  occurred  in  old  cultures  in  which  the  pabulum  for  growth 
was  exhausted,  independently  of  freezing  ;  f<>r  bacteria,  Uke  higher 
plants,  die  in  time — which  varies  for  different  sijecies — as  a  resvilt  of 
degenerative  change.^  in  the  living  protoplasm  of  the  cells,  and  con- 
tinued \'itality  in  a  culture  dejjends  m>ou  continued  reproduction. 

Repeated  freezing  and  thawing  was  found  by  Prudden  to  be 
more  fatal  to  the  tj'phoid  bacillus  than  continuous  freezing.  Cul- 
tures were  sterilized  by  being  thawed  out  at  uitervals  of  three  days 
and  ag^iin  refrozen,  after  repeating  the  oi>eration  five  times. 

Cadeac  and  Malet  kept  portions  of  a  tuberculous  lung  in  a  frozen 
condition  for  four  months,  and  foiuid  that  at  the  end  of  this  time 
tuberculosis  was  still  produced  in  guinea-pigs  by  injecting  a  small 
quantity  of  this  material. 
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Ill  faDsidering  the  influence  of  high  temperatures  we  must 
account  of  the  very  jci^at  difference  in  the  resisting  power  of 
vegetative  cells  and  the  reproductive  elements  known  as  spores, 
of  the  fact  as  to  Avhetlier  drj'  or  moist  heat  is  used  and  the  til 
exposure. 

Dry  Heat, — When  microorgauisniH  in  a  desiccated  condition  are 
exposed  to  the  action  of  heated  dry  air,  the  temperature  required  (or 
their  destruction  is  much  above  that  required  when  thoy  are  in  a 
moist  condition  or  when  they  are  exixised  to  the  tiction  of  hot  water 
or  Bteam.  This  wjis  thoroughly  deinonstrate<l  bj-the  experiments  of 
'  Kwh  and  Wolffhiigel  (1881).  A  hirge  numl>er  of  pathogenic  and 
non-pathogcTUC  Bfteries  were  tested,  with  tlie  following' general  result; 
A  tenip*'rature  of  78°  to  133°  C.  maintaineil  fur  an  hour  and  a  half 
{over  ](i<)"  fur  an  hour)  failed  to  kill  various  non-i>athog^nic  bacteria, 
but  Wtus  fatal  to  the  bacilhi.s  of  mouse  septicaemia  and  tliat  of  rabbit 
septicfcmia.  To  insure  the  destructifHi  of  all  the  species  tested,  m 
the  absence  of  sjxn'es,  a  temperature  of  120'  to  IvJS"  C,  mnititninwi 
for  an  hour  and  a  half,  yvas  re«iuire«l. 

The  spores  of  Bacillus  anthracis  and  of  Biicillus  subtilis  resisted 
this  temperature  and  required  to  insure  their  destnietion  a  tempeia- 
ture  of  140°  C.  mnintained  for  three  hours.  Thia  tenii)erature  wm 
f<iund  to  injure  ni(}st  objects  nnpiiring  disinfection,  such  as  clotbing 
and  IxHldiug.  But  the  lower  temperature  which  destroys  micto- 
organisms  in  the  absence  of  spfjres  [I'iO"  C.  =■  248°  F.)  can  be  aw4 
for  disinfecting  articles  soiled  with  the  discharges  of  patients  with 
cholera,  typhoid  ffver.  or  diphtheria,  as  the  specific  germs  of  tbeM 
diseases  do  not  form  spores.  It  is  probable  also  that  it  may  be  safe^ 
used  to  disinfect  the  clothing  of  small-jjo-ic  patients,  for  -we  have  ex- 
periment^il  evidence  that  a  low(>r  temjierature  destroys  the  A-iruIfocp 
of  vaccine  virus  (!lO°-y5'  0. — Baxter). 

In  practical  diHinftH-tion  by  means  of  dry  heat  it  will  l>e  Tiece»«iin 
to  reineml)er  that  it  has  but  little  |mnetrating  power.  In  the  expeii- 
ments  of  K<x'h  and  Wolffhiigel  it  was  found  that  registering  ihtx^ 
mometers  placml  in  the  inttTior  of  folded  blankets  and  packagvs  of 
various  kinds  di<I  not  show  a  temperature  cajmble  of  killing  hactcfia 
after  three  hours'  exixisure  in  a  hot-air  oven  at  133"  C.  and  aborv. 

Moist  Hent. — The  thennal  death-point  of  bacteria,  in  the  l3> 
sence  of  spores,  is  conii})aratively  low  when  they  are  exposed  to  mdil 
heat.     The  results  of  the  writer's  experiments  are  given  below : 

"  In  my  teinporuturo  expcr)raeiit»  I  huvo  Uikcn  gnaX  pains  to  inBur«  tte 
exposure  of  the  te^t  orgitnisins  to  a  iiiiifonn  UMii]M?rature,  and  huve  adofta' 
t^^ii  minutes  as  the  standui-d  lime  of  ox|K>sure.  The  method  enptojaA 
tlo'oughout  has  beeu  us  follows:  From  ^lu«s  tubing  liuving  a  dianwtar  of 
alxjut  th re«  sixt««nth8 of  au  inch  I  draw  out  in  the  tlamcof  a  Buuaea  bofBV 
BiiuriibcTof  capillary  lubes,  willi  au  expanded  extremity  which. 
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au  air  chamber.  A  little  material  from  a  pure  culture  of  the  test  orgati- 
isra  is  dniwii  into  each  of  these  oa]ji!larv  tubea  by  imraersiiiEf  the  open 
extreuiilv  in  the  culture,  after  having^guntfv  heated  the  expaiidea  end.  The 
end  of  the  tube  is  then  hermetically  sealed  l)j'  heat  These  tubes  are  im- 
inersetl  in  a  water  batli  iiiaintainetl  at  the  desiit;d  temperature  fur  the  stan- 
dard time.  The  bath  is  kept  at  a  uniform  temperature  by  pei-sonal  supervi- 
sion. At  the  bottom  of  the  vessel  is  a  thick  ghiss  plate  which  pi-eveiits  the 
thermometer  bulb  and  capilitiry  tubes,  which  i-est  upon  it,  fpom  beinfr  ex- 
posed to  heat  traiismiLl^Ki  dtret^tly  from  the  bottom  of  the  vessel  To  further 
^uard  against  this  1  am  iu  the  habit  of  applying  the  flatue  to  the  sides  of  the 
vessel,  and  a  uniform  temi>erature  throughout  the  bath  is  maiuUiineil  by 
frequent  stirring  with  a  glass  rod.  It  is  impossible  to  avoid  slight  variations, 
but  by  keeping  my  eye  ujmu  the  thermometer  throughout  the  experiment 
I  have  kept  these  witliin  very  narrow  limits.  .  .  .  No  attempt  ha^  bee u  made 
to  fix  the  tliermal  dejith-poiiit  Mfithin  nan-ower  limits  than  2°  C,  and  in  the 
table  the  lowest  temperature  is  given  which  has  been  found,  in  the  experi- 
ments made,  to  destroy  all  of  the  microiirgjinisms  in  the  material  subjected 
to  the  test.  No  doubt  nj(»re  extended  experiments  would  result,  in  some  in- 
stances, in  a  reduction  of  tile  temperature  given  as  the  thermal  dealh-piJint 
for  a  degree  or  more.  But  the  results  as  st^^ited  are  suffieieutly  acoiirate  for 
all  practical  purposes." ' 

The  rt'8\ilt8  obtained  iu  these  experiments,  for  non-sporebearing 
bacteria,  are  given  in  the  following  table.  The  time  of  exixjsuro 
was  t«n  minutes,  except  for  the  cholera  spirillum  and  tlie  cheese  spi- 
rillum of  Deneke. 

THERM.^L   IJEATH-POIXT   OF  BACTERIA. 


I 


I 


Spirillum  cholrne  Asialiox 

Spirillum  tjTogpnnm  (cheese  spirillum)  . . . 

Spirillum  !■  inkier- Prior 

nacillus  typhi  uMominnlts . . 

Bacillus  of  8<:liwi'iiic-rolhlauf  (rouget)...   . 

Bacillus  muri.septicu.s 

Bacillus  Neapoliianus  (Emmerich's  bacillus), 

Bacillus  cavicida. . . 

Bacillus  pneumonia*  (Friodlander's) 

Bttcill  us  crassus  spuiigcuus 

Biicillus  pyocyanus      

Bacillus  iiidii.us  

Bacillus  pnidigiosDS 

Bacilhi.s  cvaoogeuus. ...   

Bacillus  tfuoresccns 

Bacillus  Acidj  lactici 

Staphylococcus  pyogenes  aureus 

Staphylococcus  pyogenes  citrcus 

Staphylococcus  pyogenes  albus 

Streptococcus  pyogenes 

MicrocDCcus  tctragenus  

Micrococcus  Pastern  i    . , , 

Snrclna  lutea 

Sarcina  aurantiaca    


Fabrunhelt. 


185.e° 

125.6 

123. 

138.8 

136.4 

130.4 

143.6 

143.6 

132.8 

120.2 

132.8 

136.4 

136.4 

)21J.2 

189.2 

132.8 

136.4 

143.6 

143.6 

120  3 

136.4 

l-.'.5.6 

147.2 

143.6 


(4ni) 
(4ni.) 


The  following  deterniiiiation.s  of  tlie  thermal  death-point  of  path- 

'  Quoted  from  the  Report  of  the  Committee  on  Dismfcctauts  of  tUe  American  Pub- 
lic Ilealtb  Association,  pages  136  and  152. 
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ogenic  organisms  have  been  made  by  the  authors  named  :  Bacflhis 
anthracis  (Cliaiiveau),  54°  C  :  BacilluB  mallei — the  bacillus  of  glan- 
dors — (Loffler),  55°  C,  Bacillus  gallinarum — micT«;x:;occii»  of  fowl 
cholura— (Salmon),  66°  C.  ;  Bivcillus  of  diphtheria  (Loffler),  60°  C, 

III  the  writer's  experiments  the  micrococcus  of  gonorrhcBa 
apparently  killed  by  exposure  for  ten  minutes  to  a  t«inperai 
60"  C. 

"  Some  gonorrhceal  pus  from  a  recent  case  which  had  not  undei 
treiitment  was  collectea  for  me  by  my  friend  Dr.  Roh6  in  the  capi 
glass  tubes  heretofore  described.     A  microscopical  examination  of  ai 
cover-glass  jio'pamtions  showed  thai,  this  pus  contained  numerous 
cocci'  ill  the  interior  of  the  cells.     Two  of  the  capillary  tubes  were 
ill  a  water  bath  maintained  at  60°  C.  for  ten  minutes.     The  pus  was 
forced  out  upon  two  pledgets  of  cotton  wet  with  distilled  •wuicr.    Two 
lu>allliy  men  had  consented  to  submit  to  the  experiment,  and  one  of  tbMt 
bits  of  cotton  was  introduced  into  the  urethra  of  each  and  left  in  sUu  for 
half  aji  hour.     As  uuticipateti,  the  result  was  entirely  nef^tive.     For  obvi- 
ous reiisons  no  coutrni  experiment  was  made  to  fix  the  thermal  death-point 
within  narrower  limits. 

"  In  crumection  with  these  experiments  upon  the  thermal  death-point  of 
known  pathogenic  organisms,  it  is  of  int«re.st  to  inquire  whether  the  riro- 
lence  of  infectious  material,  in  which  it  has  not  been  demonstrated  that  thu 
virulence  is  due  to  a  micnxirgrtnism,  is  destroyed  by  a  correspondingly  low 
temperature.  Evidently,  if  this  [iroves  to  be  the  case,  it  will  be  a  atroof 
argument  in  favor  of  the  view  that  we  have  to  deal  with  a  niicro()f^gaiuiBi 
in  these  diseases  also.  We  have  experimental  proof  that  a  large  number  of 
pathogenic  organisms  are  killed  by  exposure  for  ten  minutes  to  a  tempen- 
hire  or  53"  to  R)"  C.  But,  so  far  as  I  am  aware,  tins  low  tprni)eratnre  would 
not  be  likely  to  destroy  any  of  the  pf»isoiiouschemi«d  pi-oduci-s  wliich  mii;iit 
be  supposed  to  be  the  cjiuse  of  infective  virulence,  leaving  aside  the  fact  tut 
such  chemical  products  have  no  power  of  self -multi  plication,  and.  thov- 
fore,  could  not  be  the  independent  cau.se  of  an  infectious  disease. '  ^^u 

"  Vaccine  Virius. — Carsteiis  and  Coert  have  experimented  upon  the  ta^^^| 
perature  required  to  destroy  the  potency  of  vaccine  virus.  In  a  paper  nfl^H 
at  the  International  Medical  Congress  in  1879  they  report,  as  a  resahof 
their  experiments,  that  the  maximum  degree  of  heat  to  which  fresh  Taocan* 
virus  can  be  expr)sed  without  losing  its  virulence  probably  varies  betireca 
52'  and  54'  C.  Fresh  animal  vaccine  heated  to  52'  C.  for  thirty  minotsi 
•does  not  lose  it.s  virulence.  Fresh  animal  vaccine  heated  to  54.5'  for  ihinj 
minutes  loses  its  virulence.  ^ 

"  Rin'lerpe.st.~.\cciyrdmg  to  Semmer  and  Raupach.  exposure  for  tea 
minutes  t^J  a  temperature  of  55'  C- destroys  the  virulence  of  the  infection 
material  in  this  diseaite. 

"  Sheep'jHtx.  —The  authors  last  mentioned  have  also  found  that  tbeauM 
tempeniture — .*>o'  C.  for  ten  minutes — tleslroys  the  virulence  of  the  blood cf 
an  animal  dead  from  sheep-pox. 

"  HudropluMa. —Desiring  to  fix  the  thermal  death-point  of  the  ▼iras'if 
hydrophobia,  I  obtained,  tlirough  the  kindness  tyf  Dr.  H.  C.  Ernst,  a  mkU 
which  had  liecn  inoculated,  by  the  methrxl  of  trephinin|r,  with  molcnal 
which  came  originally  fmni  Pasteur's  laboratory.  The  rabbit  sent  mt 
showed  the  first  symptom  of  piiralylic  rabies  on  the  eighth  tlay  after  inoco- 
latioa.  It  died  on  the  eleventh  day  (March  2d,  18S7),  and  fat  ooee  pro- 
ceeded to  make  the  following  experiment : 

"  A  portion  of  the  medulla  was  removed  and  thoroughly  mixed  •mth 

'  Since  t]i\s  WHS  written  Brl(>ger  has  Isolated  a  toxalbumiu  from  culturea  of  Ui 
diphtheria  bacillus  which  is  destroyed  by  n  tcrapcralure  of  00'  C,  but  resists  (SO*. 
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sterilized  water.  The  milky  emulsion  was  introduced  into  four  capillary 
tubes,  such  as  liad  been  used  in  my  experiments  heretofore  recorded.  Two 
of  these  tubes  were  then  pLiced  for  ten  minutes  iu  ii  water  bath,  the  tem- 
perature of  which  was  muiiitaiued  at  60''  C  Four  rabbits  were  now  inocu- 
lated by  trephining,  two  with  the  material  exposed  to  60  C.  for  ten  min- 
utes, and  two  with  tlie  same  material  from  ihecapillarj'  tube  not  so  ex^>osed. 
The  result  was  as  definite  and  sati.sfact»iry  as  possible.  The  two  control 
rabbits  were  taken  sick,  one  on  Murcli  10th  and  one  on  the  llth  ;  both  died 
with  the  characteristic  symjttoms  of  paralytic  rabies  on  the  thii'd  day.  The 
two  rabbits  inoculated  witli  material  exposed  to*50'  C.  remained  in  perfect 
healtli.  On  the  2(5th  of  March  one  of  these  rabbits  was  a^in  inoculated, 
by  trephining,  with  material  from  the  medulla  of  a  rabbit  just  dead  from 
hydrtjphobia.  This  rabbit  died  from  paralytic  rabies  on  the  8th  of  April. 
lis  companion  remains  in  perfect  health. 

"A  second  experiment  was  made  in  the  same  way  on  the  14th  of  March. 
Two  rabbiUs  were  inoculated  with  material  e.xposed  for  ten  nunute.s  to  a 
temperature  of  50°  C. ;  two  with  material  exjMised  to  .^5' C  ;  and  two  con- 
trol rabbits  with  material  not  so  exjKiSied.  One  of  the  rabbits  in«x'ulated 
with  material  exposed  to  50  C..  and  one  of  the  control  rabbits,  died  on  the 
25th-,  the  other  rabbit  inoculated  with  the  material  exposed  to  S0\  the  other 
control,  and  one  inoculated  with  material  exposed  to  55",  on  the  26t\i.  The 
■econd  rabbit  inoculated  with  material  exposed  to  65°  dietl  five  days  later 
with  the  characteristic  symptoms  of  the  disea.se.  These  experiments  show, 
then,  that  the  virus  of  hydrophobia  is  destroyed  by  a  temperature  of  iW  C, 
and  that  55'  C.  fails  to  destroy  it,  the  time  of  exposure  being  ten  miuutes."' 

The  experimental  data  given  show  that  the  pathogenic  bacteria 
testetl  and  different  kinds  of  virus  are  all  killed  by  a  temjwrature  of 
6u'  C.  or  Wlow ;  some,  like  the  cholera  spiriUum  and  Micrococcus 
pneumoniae  crouposiP,  failing  to  grow  after  exptwure  tu  as  low  a  tem- 
perature as  52°  C  for  four  minutes.  By  extending  the  time  a  still 
lower  temperature  will  effect  the  same  result.  Thus,  according  to 
Chauveau,  the  anthrax  bacilluH  is  killed  b^-  twenty  minutes'  exposure 
to  a  temperature  of  50°  C. ;  and  Brieger  sterilizes  cultures  of  the 
diphtheria  bacillus,  to  obtain  the  soluble  toxalbumin  produce*!  in 
them,  by  expasure  for  several  hours  to  50°  C.  A  temperature  of  60° 
has  been  found  to  decompose  the  toxalbumin.  The  non -pathogenic 
bacteria  tested  have,  as  a  rule,  a  higher  thermal  death-|>oint — 58''  C. 
for  Bacillus  protligiosus,  G4°  C.  for  Sarcina  lutea.  etc. 

It  is  a  remarkable  fact  that  certain  bacteria  not  only  are  not  de- 
stroyed at  higher  temperatures  than  this,  but  are  able  to  multiply  at 
a  temperature  of  G5°  to  70°  C.  Thus  Miquel,  in  1881,  found  in  the 
waters  of  the  Seine  a  motionless  bacillus  which  grew  luxuriantly  in 
bouillon  at  a  temperature  of  OS)"  to  70"  C.  Van  Tieghem  has  also 
cultivated  several  different  species  at  about  the  same  temperature, 
and  more  recently  Globig  has  obtaimxl  from  the  soil  several  species 
which  grow  at  temperatures  ranging  from  nO°  to  70°  C. 

The  resisting  power  of  spores  to  heat  also  varies  in  different  spe- 
cies ;  but  the  spores  of  known  pathogenic  bacteria  are  quickly  de- 
stroyed by  a  temperature  of  1(.KJ°  C.  (212°  F.).     In  the  writer's  eiperi- 

'  Report  of  the  Commiltee  on  Disinfectants  (op.  cit.),  p.  147. 
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ments  the  spores  of  Bacillus  anthracis  and  of  Bacillus  alvei  failed  ^ 
grow  after  exposure  to  a  temjyeratiiro  of  lOO''  C.  for  four  ininutoi, 
aiid  only  a  few  colonies  developeti  after  two  minutes'  exposure  t«>  thk 
temi>erature.  The  thermal  detxth-point  of  spores  of  the  "  wurtael  \m- 
citliis  "  and  of  Bacillus  but>Ticu8  (of  Hueppe)  was  the  same — 100"  C. 
for  four  minutes. 

Schill  and  Fischer,  in  1884,  made  a  number  of  experimenta  to  d^ 
termine  the  thermal  death-i>oint  of  Bacillus  tiiljerculosis.  They 
found  that  five  miimtes'  exixwure  to  a  temperature  of  lOO"  C.  in 
steam  destroyed  the  \'itality  of  the  bacillus  in  sputum  in  five  min- 
utes. When  the  time  was  reduced  to  two  minutes  a  negative  result 
from  inoculation  was  obtained  iu  two  guinea-pigs,  but  one  inoculated 
at  the  same  time  became  tuberculous.  My  own  exjjeriments 
those  of  Yersin,  made  since,  lead  me  to  think  that  there  may  ha' 
been  some  cause  of  error  in  this  experiment  of  Schill  and  Fiscliet; 
and  that  the  thermal  death-point  of  the  spores  of  Bacillus  tubex^ 
culosis  is  considerabh'  below  the  boiling  point  of  water.  I  in 
guinea-pigs  Avith  tuberculous  sputum  subjected  for  ten  minutes  • 
the  following  temiwratures  :  50%  (10°,  70%  80%  90°  C.  The  ani 
inoculated  with  material  exposed  to  50''  died  from  tuberculosis  at  tfat 
enrl  of  Heven  weeks.     None  of  the  others  developed  tuberculosis. 

Yersin  exjxised  an  old  culture  in  glycerin  bouillon,  iu  which  msoT 
of  the  bacilli  contained  spores — ''  tres  nettes" — to  the  following  t«in« 
peratures  :  55%  60%  05%  70%  75°,  80%  85°,  90%  100"  C.  "  At  theendtl 
ten  days  the  bacilli  heated  tt)  55°  gave  a  culture  in  glycerin  bouillon; 
those  expo.sed  to  CD'  grew  after  tweuty-t^vo  days  ;  none  of  tl» 
bacilli  heated  above  7(1"  gave  any  development.  This  experiment, 
reijeatetl  a  great  number  of  times,  has  always  given  us  the  same  ft* 
Bult."  Voelsh.  who  has  studied  the  same  question,  reports  as  tiM 
result  of  his  exiM,'riments  that  the  tubercle  bacillus  in  sputum  wm 
not  destroyed  by  heating  to  100^  C.  Further  experiments  will  be  re- 
tjuiixnl  to  reconcile  these  contradictory  results. 

While  the  spores  of  the  jKithogonic  biicteria  mentioned  are  de- 
stroyed by  the  l>oiling  point  of  water  within  a  few  minutes,  oertaiB 
non-pathogenic  8i>ecie8  resist  this  temperature  for  hours.  Tbot 
Qlobig  obtained  a  bacillus  from  the  soil  the  spores  of  which  repaired 
five  and  one-half  to  six  hours'  exposure  to  streaming  steam  ft>r  their 
destruction.  These  spores  survived  exposure  for  three-ijuartero  of  so 
hour  in  steam  under  pressure  at  from  KiD"  to  1 1.l''  C.  They  were  de- 
Htroyed,  however,  by  ex{)osure  for  twenty-five  minutes  iu  steam  at 
ll.'r  to  110'',  and  in  two  minutes  at  127". 

In  the  practical  application  of  steam  for  disinfecting  purpoeea  it 
must  be  remembered  that,  while  steam  under  pressure  is  more  effec- 
tive than  streaming  steam,  it  is  scarcely  necessary  to  give  it  the  ytt' 
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n  view  of  the  fact  that  all  known  jmthogenic  bacteria  and 
their  spores  are  quickly  destroyed  by  the  temperature  of  boiling 
water  ;  and  also  that  supcrhuated  nteam  is  leas  effective  than  moist 
steam.  When  confined  steam  in  jtipes  is  "  superheated  "  it  has  about 
the  same  germicidal  power  as  hot  dry  air  at  the  same  temperature. 
This  is  shown  by  the  exi)eriments  of  Esmarch.  who  found  that  an- 
thrax spores  were  killed  in  streaming  steam  in  four  minutes,  but 
were  not  killed  in  the  same  time  by  superheated  steam  at  a  tempera- 
ture of  141'  €, 

Desiccation. — Cultures  of  bacteria  kept  in  a  moist  condition  re- 
tain their  vitality  for  a  considerable  time,  which  varies  greatly  with 
different  species.  The  writer  has  found  that  a  culture  of  the  typhoid 
bjicillus  preserved  in  a  hermetically  sealed  glass  tube  retaineti  its 
vitality  for  eighteen  months,  as  did  also  Bacilhis  prrHligiosus,  Bacil- 
lus cavicida,  and  some  others.  Acconling  tt»  Kitasato,  the  clujlera 
spirillum  may  ba  preserved  in  a  moist  state  for  seven  months  ;  other 
bacteria  die  out  in  a  month  or  two,  but,  as  a  rule.  \ntalit>'  is  presierved 
for  several  mouths  at  least. 

Spores  in  a  desicx^ated  condition  preserve  their  \ntality  for  a 
gfreat  length  of  time.  But  desiccation  is  quickly  fatal  to  some  of  the 
pathogenic  bacteria,  and  especially  so  to  the  cholera  spirillum.  Koch, 
in  his  earlier  experiments,  found  that  his  ''comma  bacillus"  did  not 
g^ow  after  being  dried  upon  a  cover  glass  for  thret*  hours.  Kitasato, 
in  experiments  miuie  since,  found  that  a  bouillon  culture  dried  upon 
a  thin  glass  cover  was  irirapable  of  di^velupment  after  three  hours' 
time,  but  that  cultures  in  nutrient  agar  or  gelatin  survived  for  two 
days,  probalvly  on  account  of  the  thicker  layen  formed  and  the  longer 
time  ivquired  for  complete  desiccation.  Pfidd  has  found  that  the 
typhoid  bacillus  dried  upon  a  cover  glass  retains  its  \'itality  for 
eight  to  ten  weeks,  and  Loffler  states  that  the  diphtheria  bacillus  re- 
sists desiccation  for  four  or  five  montlis.  Cadeao  and  Malet  pro- 
duced tuberculosis  in  guiia^a-pigs  by  injecting  nuiterial  from  the 
lung  of  a  tuljerculous  cow  which  had  been  kept  in  the  form  of  a  dried 
jjowder  for  nearly  five  months  ;  at  a  later  date  the  virulence  was 
lost. 

Light. — Downes  and  Blunt,  in  a  cimimunication  ma<le  to  the 
Royal  Society  of  London  in  1877,  first  called  attention  to  the  fact  that 
light  has  an  injurious  effect  upon  bacteria,  and  that  cultures  may  be 
sterilized  by  exj>osure  to  direct  sunlight. 

Tjmdall,  in  experiments  made  in  the  clear  sunlight  of  the  Alps, 
verified  the  fact  that  the  development  of  bacteria  was  restrained  in 
cultures  during  their  exposure,  but  failed  to  obtain  evidence  that 
vitality  was  desti-oyed. 

In  1885  Duclaux  took  up  the  subject  mth  pure  cultures  of  various 
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bacteriu,  and  ahoweti  that  by  prolongwl  exposure  to  direct  sunlight  tht 
spores  of  various  bacilli  lo«e  their  capsioity  to  genninate.  About  the 
same  time  Arloing  publislied  his  researches  upon  the  influence  of 
light  upon  the  <levelopinent  of  anthrax  spores.  He  found  that  th» 
anthrax  bacillus  was  not  restraitu'd  in  its  growth  by  diffused 
light,  but  its  growth  was  retiirded  by  an  intense  gaslight. 
formation  was  more  abui^dant  in  darkness  than  in  red  light,  and  i 
abundant  in  red  than  in  white  light.  Wiien  a  screen  was  inl 
between  the  culture  and  the  source  of  light,  consisting  of  an  aqi 
solution  of  hsematoglobin,  the  growth  of  the  bacilli  and  of  spores  wm 
much  more  luxuriant  than  in  white  light.  In  yellow  light  it  was  lees 
abundant  than  in  rt«d.  The  blue  and  violet  rays  were  still  less  £ai 
able  for  the  growth  of  the  bacillus  and  the  development  of 
The  pathogenic  power  of  cultures  wiis  not  especially  influenced 
ex|X)sure  to  white  gaslight.  In  8ubse«iuent  experiments  ■with  sun- 
light Arloing  found  that  two  hours  of  exposure  to  the  July  sun  sof- 
fici'd  t4j  ilestroy  the  vitality  of  antlirax  spores,  but  that  a  considerably 
longer  exposure  (twenty-six  to  thirty  hours)  was  necessary  when  tl» 
sjmres  had  Ix'tm  allowed  to  genninate  in  a  suitable  culture  mediua^H 
Cultures  which  were  not  exposed  long  enough  to  destroy  the  vitadft^^ 
of  the  luicilli  were  retarded  in  their  growth,  and  subsequent  exposure 
for  a  shorter  time  (nine  to  ton  Imurs)  conijtletoly  sterilized  them. 
Cultures  which  were  weakened  iu  their  reproductive  energy  by  ex- 
pTBure  to  sunlight  were  also  "  attenuated "  as  to  their  pathogenic 
power  and  (N>idd  be  used  as  a  vaccine  in  pn»t.ective  inoculations.  A<v 
cording  to  Arloing,  the  effect  produced  results  from  the  action  of  the 
full  sunlight  and  cannot  be  obtained  by  the  use  of  nionochroawtie 
light. 

The  experiments  of  Strauss  seemed  to  give  support  to  the  Tiew 
advancfMl  by  No<*awl  that  in  Arloing's  experiments  spores  did  not 
rwUly  exhibit  a  less  degree  of  resisting  power  than  the  vegetating 
bacilli,  but  that  in  fact  they  coinuu'Tict'd  to  vegetate  before  they  wefe 
killt'd.  Strauss  placed  anthrax  spores  in  sterilized  di.stilled  wat«raiid 
in  Ixouillnn.  and  f(nnnl  that,  under  the  same  conditions  of  expontTBi, 
the  bouillon  cultures  were  st^'rilizetl  in  direct  sunlight  in  nin* 
hours,  while  the  si)or('s  susiMMidi'd  in  distilled  water  grew  when  trans- 
ferred to  a  suitable  tnedium.  This  was  accoiuited  for  on  the  suppo- 
sition that  the  bouillon  furnishes  the  necessfiry  ])abulum  for  the  de- 
velo])ment  of  the  sjKJn-s  and  that  distilliHl  water  does  not, 

Arloing  comlxits  this  view  and  him  published  additional  experi* 
ments  which  .seem  to  disprove  it.  He  place*!  small  flasks  ctinUuntag 
anthrax  8pon»s  in  iKMiillon  in  the  direct  rays  of  the  sun  in  Febmarr. 
Some  of  the  flasks  were  ])liici»tl  uixin  a  bbx-k  of  ice  which  reduced  th* 
temjierature  to  4'  C;  the  others  were  not  so  placed,  and  the  tempr- 
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fature,  in  the  ojien  air  where  all  were  exposetl,  was  11°  C.  All  of  the 
spores  failed  to  grow  after  an  exposure  of  four  litnirK.  When  exjxjsed 
in  water  the  time  of  exposure  was  longer. 

Ronx  has  shown  that  the  light  also  has  an  effect  upon  the  culture 
medium,  and  that  sterilized  bouillon  whifh  htis  been  ex]>useil  to  direct 
sunlight  for  some  hours  restrainH  the  development  of  anthrax  spores 
subsetiuently  introduced  into  it.  but  not  of  the  growing  liaeilli.  Hit* 
experiments  show  that  access  of  oxygen  is  a  necessiirj-  factor  in  the 
sterilization  of  culture.s  by  sunlight. 

In  the  experiments  of  llomont  (1892)  dry  anthrax  spores  were 
found  to  resist  the  action  of  light  for  a  long  time,  but  moist  spores, 
freely  ex^Kised  to  the  air,  failed  to  grow  after  forty-four  hum's'  ex- 
posure to  sunlight.  In  the  absence  of  spores,  anthrax  bacilli  in  a 
moist  condition,  when  fn*ly  exposed  to  the  air,  failed  to  grow  after 
exposure  to  sunlight  fur  half  an  lumr  to  two  hours  :  but  in  the  ab- 
sence of  air  tlie  same  Ixicilli  were  not  destroyed  at  the  enil  of  fifty 
hours"  exposure. 

Qeisler  (IHO?),  in  ex}i<?riments  made  upon  the  typhoid  bacillus, 
found  that  all  portions  of  the  solar  s|)ectrum  except  the  red  rays  ex- 
ercised a  restrtiining  inHnence  upon  the  development  of  this  bacillus. 
The  electric  light  gave  a  similar  result.  The  most  decided  effect  was 
produced  by  rays  from  the  \nolet  end  of  the  s[)ectnnn.  The  restrain- 
ing intlueuce  appears,  from  the  researches  of  Geisler,  not  to  l>o  duo 
.solely  to  the  direct  action  of  hglit  iipon  tlie  development  (vf  the 
baciUi,  but  also  to  changes  induced  in  the  gelatin  culture  modi uni 
employed  in  his  experiments. 

In  his  tuldress  lit^'ore  the  International  Metiical  Congress  of  Berlin, 
1890,  Koch  states  that  the  tubercle  bacillus  is  killed  by  the  action  of 
direct  sunlight  in  a  time  varj-ing  from  a  few  minutes  to  several  hours, 
deiK'nding  u]H>n  the  thickness  of  the  layer  exposed.  Diffuse<l  day- 
light also  has  the  same  effect,  altliough  a  considerably  longer  time  of 
exposure  Ls  requii"eil — when  phiced  close  to  a  window,  from  five  to 
seven  dajn*. 

Dieudonne  (1894),  in  experiments  upon  Bacillus  prod igiosns  and 
Bacillus  fluorescena  putidus,  found  that  direct  sunlight  in  March, 
July,  and  August  kiUed  these  bacilli  in  one  and  one-half  hours,  in 
Novenilwr  in  two  and  one-half  hours.  Diffuse  daylight  in  March 
and  July  restnrined  develojiment  after  three  and  one-half  hours'  ex- 
posure (in  November  four  and  one-half  hours),  and  completely  de- 
8troye<l  vitality  in  from  five  to  six  hours. 

Ward's  experiments  (1892-1 894)  show  that  the  blue  and  violet 
ra)'8  have  decided  germicidal  power,  while  the  rays  at  the  red  end  of 
the  spectrum  arecuni{)aratively  inert.  This  corresponds  with  results 
previously  reported  by  Arloiug. 
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In  the  writer's  experiments  on  the  cholera  spiriUum  (1892)  tMt 
tubes,  containing  sterile  bouillon  inocniated  with  one  or  two  oseof  t 
pure  culture,  were  sterilized  by  twohoiu*'  exposure  to  direct  entnlig^ 
(in  December). 

Dieudoune  (18U4)  found  that  the  electric  arc  light  destroyed  his 
test  organisms  (BaeilUis  prtKligiosusand  Bacillus  fluorescens  puti<lu»} 
in  eight  hours.  The  same  result  was  accomplished  by  the  incandefr_ 
csent  light  in  eleven  hours. 

In  \iew  of  these  facts  we  may  conclude,  with  Duclaux,  that 
light  is  one  of  the  most  potent  and  one  of  the  cheapest  aj^nts  for  tfcg. 
destruction  of  path(_>genic  l)acteria,  and  that  its  use  for  this  pi 
to  Ije  remembered  in  making  practical  hygienic  reconiniendatic 
The  popuhir  idea  that  the  exposure  of  infected  articles  of  clothing 
an«l  iH'dding  in  the  sun  is  a  useful  Banitary  precaution  Ls  fully 
taintxl  by  the  exjierimental  data  relating  to  the  action  of  heat, 
cation,  and  sunlight. 

Eiectrt'tu'ty. — Cohn  and  Mendelnsohn ,  in  18*'f»,  attempted  to 
termine  the  effect  of  the  galvanic  current  up«)n  bacteriii.  Colt 
were  placed  in  (J -tubes  thnjugh  which  a  constant  current  "vras  ] 
A  feeble  current  was  foimd  to  l>o  without  effect.  A  strong  > 
from  two  eleTnent.-^,  maintained  for  twenty-four  hours,  restrained  i 
velopment  in  the  vicinity  of  the  positive  pole,  but  this  w^as  probahlir 
due  to  the  highly  acid  rcjiction  which  the  culture  li<|uid  acquirei 
When  a  current  fn>m  tive  elements  wju?  used  for  twenty-four  hnun 
tht>  liquid  was  sterilized,  but  this  may  have  been  due  to  the  decided 
changes  proihiced  in  the  chemical  comjMwition  of  the  culture  licidd 
rather  than  to  the  direct  action  of  the  galvanic  current. 

The  .Siune  may  l»e  said  of  the  similar  results  obtainetl  in  later  ex- 
periments by  Apost<>li  and  Liitjuerriere,  and  by  Prochownick  aod 
Spaeth.  The  last-mentione<l  investigators  found  that  the  positive  pole 
had  a  more  decided  effect  than  the  negative,  and  that  the  effect  d*- 
pfndc4l  iijion  the  intensity  and  duration  of  the  current.  A  current  0^ 
fifty  milliamperes  passed  for  a  quarter  of  an  hour  did  not  kill  Stapbr- 
kx-u<-cus  pyogenes  aureus,  but  a  current  of  aixty  milliamper^w  maiD- 
tiuned  for  the  same  time  did.  The  spores  of  Bacillus  anthrRCS 
require<l  a  current  of  two  hundred  to  two  himdred  and  thirty  mill*- 
amperes  during  an  hour  or  two.  In  these  experiments  the  cultuns 
in  gelatin  were  att^iched  to  the  strips  of  platinum  scrying  a.stbe  two 
poles,  and  these  were  immersed  in  a  solution  of  .s<Klium  chloride.  Ab 
chlorine  was  disengaged  at  the  positive  }xde,  the  germicidal!  aetJonk 
attributed  to  this  gas  rather  than  to  the  direct  action  of  the  cuiiwul 
ujK»n  the  living  microorganisms. 

The  more  recent  restvirches  of  Spilker  and  Qottstein,  made  wMi 
an  induction  current  from  a  d^Tiamo  machine,  are  more  valuaUe  IB 
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estimating  the  power  of  tliis  agent  to  destroy  the  vitality  of  bacteria. 
The  current  was  pitsseil  through  a  spiral  wire  which  was  wrapped 
around  a  test  tube  of  glass,  containing  the  microorganism  to  be  tested, 
suspeiule^l  in  distilled  water.  In  a  first  experiment  Bacillus  prodigi- 
oeus,  Bii.sj>endeil  in  sterilized  distilled  water  and  contiiined  in  test 
tubes  having  a  capacity  of  two  hundred  and  fifty  cubic  centimetres, 
■vras  subjected  to  a  current  having  an  energy  of  2,5  amperes  X  1.25 
volts  for  twenty-four  hours.  The  temperature  did  not  go  above 
30*"  C.  No  development  occurred  when  the  microorganism  tested 
was  subsequently  planted  in  nutrient  gelatin.  Further  experiments 
gave  a  similar  result.  It  was  found  that  stronger  currents  were 
effective  in  shorter  time;  but  in  no  case  was  steriliaition  effected  in 
leas  than  an  hour. 

Pressure. — D'Arsonval  and  Charrin  (1804)  submitted  a  culture 
of  Bacillus  pyocyaneus  to  a  pressure  of  fifty  atmospheres,  under  car- 
bon dioxide.  At  the  end  of  four  hours  cultures  could  still  be  ob- 
tained, but  the  bacillus  had  lost  its  power  of  pigment  pnxluction.  A 
few  colonies  were  developed  after  six  houi-s'  exposure  to  this  pressure; 
but  after  twenty-four  hours  no  development  occurre<l. 

Agitation, — Meltzer  (1804)  has  shown  that  the  vitality  of  bacteria 
is  destroj^ed  by  protractetJ  an«l  violent  shaking,  which  causes  a  molec- 
ular disintegration  of  the  cells. 


VII. 


ANTISEPTICS  AND  DISINFECTANTS. 


GENERAL  ACCOUNT   OK  THE  ACTION   OK. 


The  term  antiseptic  i»  u»ed  by  some  Huthors  to  designate  u 
agent  whicli  ikwtroys  the  i,itality  nf  the  mionxirgaiiisnis  which  pro- 
duce septic  decoiniMtsition,  and  othere  of  the  same  class.  We  praftf 
t«>  restrict  the  use  of  the  term  to  those  agents  wliicli  restrain  the  d6> 
velopnient  of  such  miero<>rganisiiLH  without  ilestro\ing  their  vitality. 
The  complete  destruction  of  %'itfl,lity  is  effect<>d  by  germicides  ordi^ 
infei'tants.  Material  containing  the  gemis  of  infectious  Avwtuu*  k 
infectious  material,  and  we  disinfect  it  by  the  use  of  agents  whiHl 
destroy  the  HWng  disease  germs  or  pathogenic  bacteria  which  give 
it  its  infecting  jiower.  Such  an  agent  is  a  disinfectant.  But  we  ex- 
tend the  use  of  this  term  to  germicides  in  general — that  is,  to  Ukii» 
agents  which  kill  uon-pathogi'uic  Imcteria  as  well  as  to  those  whidi 
destroy  disease  germs.  All  disinfectants  are  also  antiseptics,  fat 
agents  which  destroy  the  vitidity  of  the  bacteria  of  putrefacdoa  ar- 
rest the  putrefacrtive  pi-ocess  ;  and  these  agents,  in  less  amount  thaa 
is  ret|uired  to  completely  destroy  \'itality,  arrest  gTL»wth  and  thof 
act  a>Ji  antiseptics.  But  all  antiseptics  are  not  gemiicidee.  Tbtm  t 
concentrated  s«>lution  of  salt  or  of  sugar  will  prevent  the  putreCar- 
tive  de<M)m}To»ition  of  organic  nititorial,  animal  or  vegetable  ;  but  tfaesi 
agents  do  not  (iestroy  the  vitality  of  the  germs  of  putrefaction.  la 
a  certain  degree  of  concentration  they  are  antiseptics  and  are  faugetT 
used  for  the  preservation  of  meats  and  vegetables.  In  the  same  W»t 
many  nvineral  salts  in  solutions  of  various  strengths  actasantiae^ 
tics,  and  some  of  these  in  still  stronger  solutions  are  disinf«ctHrtii 
Thus  mercuric  chloride,  when  introduced  into  a  cidture  solution  ia 
the  i)ro{)ortion  of  I  ;  3W,000,  will  restrain  the  development  of  aiithras 
8|M)r«'rt,  but  to  insure  the  destruction  of  these  spores  a  solutioo  of 
1  ;  l,tMXi  must  be  used.  As  a  rule,  the  difference  between  restnuniag 
action — antiseptic — and  germiciilal  p«>wer — disinfectant — is  mH  w 
great  a.s  this.  We  give  below  some  recent  determinations  by  Rrr 
which  illustrate  this  point,  the  test  organism  being  the  bacillus  •-< 
typhoid  fever  in  a  cidture  in  bouillon  twenty -four  hours  old  : 
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HydrocWoric  acid 
Sulphuric  acid . . . . 

Silver  iiitrat« 

SiXJtum  arseniate.. 
Carbolic  acid .... 


BeatrminB. 


1  ;2100 
1  :1550 
1  :50000 
1 :  60O0 
1:400 


EUla. 


1  :800 

1:500 
1:4000 
1:250 
1:200 
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Method  of  Deiermining  Antiseptic  Value. — To  determine  the 
restraining  or  antiseptic  power  of  an  agent  for  a  particular  raicro- 
organisna,  the  agent  is  dissolved  in  a  definite  proportion  in  a  suitable 
culture  metliuin,  which  is  then  inoculated  wnth  a  piu-e  culture  of  the 
test  organism  and  pUiced  in  favorable  circumstances — as  to  tempera- 
ture— for  its  growth.     At  the  same  time  a  control  experiment  is 
made  by  placing  another  portion  of  the  same  culture  inetlium,  inocu- 
lat<>d  with  the  sanie  microorganism,  in  the  siime  conditions,  but  with- 
out the  addition  of  the  antiseptic  agent.     If  development  occurs  in 
the  control  experiment  and  not  in  the  culture  medium  containing 
the  antiseptic,  the  failure  to  grow  must  be  attributed  to  the  presence 
of   this  agent.      Having    made  a  preliminary  experiment,   we   are 
guided  by  the  result  in  further  experiments  to  determine  the  exact 
amount  required  to  restrain  development  under  the  same  conditions. 
C>r  we  may  make  a  series  of  experiments  in  t!ie  first  instance.     The 
problem  Wing,  for  example,  to  determine  the  antiseptic  value  of 
carbolic  acid  for  the  typhoid  bacillus,  we  may  add  this  agent  to  a 
definite  amount  of  liouillon  in  test  tubes  in  the  proportion  of  1  :  100, 
1  :  200,  1  ;  300,   1  :  400,  1  :  500.      In  experiments  with  volatile  agents 
the  bouillon,  in  test  tubes  or  small  flasks,  must  be  sterilized  in  ad- 
vance, and  the  antiseptic  agent  introduced  by  means  of  a  sterilized 
pipette  ivith  great  care  to  prevent  the  accidental  ctmtamination  of 
the  nutrient  medium.    In  experiments  with  non-volatile  agents  it  will 
be  best  to  sterihze  the  culture  mediiun  after  the  antiseptic  has  been 
added.     Next  we  iiUKulate  the  liquid  in  each  fla.sk  with  a  pure  cul- 
ture of  the  test  organism.     The  flasks  are  then  placed  in  an  incubat- 
ing oven  at  35"  to  37"  C.     At  the  Kfune  time  a  control,  not  contiiining 
any  carbolic  acid,  is  placed  in  the  oven.     At  the  end  of  twenty-four 
hours  the  control  will  Ik?  found  to  be  clouded,  showing  an  abundant 
multiplication  of  the  bacillus.    Taking  the  result  of  Boer  above  given, 
■we  would  expect  to  find  all  of  the  solutions  clear  except  that  contain- 
ing 1  :  500.     This  too  might  remain  clear  for  some  days  and  finally 
*'  break  do>vn,"  for  experience  shows  that  when  we  pass  the  point  at 
which  a  permanent  restraining  influence  is  exerted  there  may  \)e  a 
temponuy  restraint  or  retardation  of  development.     For  this  reason 
we  must  continue  the  expeiimeut  for  a  considerable  time — not  leaa 
11 


162  ANTISEPTICS  AND  DISINFECTANTS. 

than  two  weeks.  Ha^nng  found  that  1  ;4iK>  and  below  preTenta 
development,  and  1  ;  5U0  does  not,  we  may  make  further  experimenti 
to  detennine  the  antiseptic  jxjwer  within  narrower  limits ;  but  this 
is  hardly  necessary  from  a  practical  point  of  view. 

In  these  experiments  the  result  will  be  influenced  by  several  cir- 
cumstances, as  follows  : 

(a)  By  the  cotupositiou  of  the  nnfn'ent  medium.  This  i»  ii 
verj"^  imixirtant  factor^  especially  in  determining  the  antiseptic  value 
of  certain  metallic  salts.  The  presence  of  a  considerable  quantitr 
of  albumin,  for  example,  reduces  greatly  the  antiseptic  power  rf 
mercuric  chloride,  silver  nitrate,  creolin,  etc.  The  presence  of  a  enh- 
stance  ehemically  incompatible,  as,  for  example,  sodium  chloride  in 
testing  nitrate  of  silver,  will  of  course  neutralize  antiseptic  action. 

(b)  The  nature  of  the  test  (mjanism.  Within  certain  limits 
antiseptic  for  one  microorganism  of  this  class  restrains  the  de 
opment  of  all,  but  there  are  wide  differences  in  the  ability  of  differ- 
ent species  to  grow  in  the  presence  of  different  chemical  agent&. 
Some  grow  readily  in  the  presence  of  a  c<jnsiderHble  amount  of  fr» 
acid,  others  are  restrained  by  a  slightly  acid  reaction  of  the  mediom 
in  which  they  are  plac;ed.  The  Bacillus  acidi  lactici,  for  example, 
can  thiive  in  the  presence  vi  a  cotisiderable  amount  of  the  acid 
which  is  a  product  of  its  growth,  but  there  is  a  hmit  to  its  power  <tf 
developing  in  the  pi-esence  of  this  and  other  acids.  So,  too.  Mi- 
crococcus ure£e,  which  causes  the  alkaline  fermentation  of  uriw, 
grows  in  the  presence  of  a  considerable  amount  of  carbonate  of  am- 
monia, but  is  finally  restrained  in  its  growth  by  this  alkaline  salt 
The  following  determinations  by  Boer  show  the  difference  in  tin 
antisei>tic  jxiwer  of  liydnx'hlorie  acid  for  certain  pathogi»nic  bacte- 
ria :  Bacillus  of  anthrax  (without  spores),  1  :3,4(»U  ;  diphtheria  bactl- 
luB,  1  : 3,400  ;  glanders  bacillus,  1  :700  ;  typhoid  bacillus,  1  :3.I0Q; 
cholera  spirillum,  1  : 5, 500.  It  will  l>e  noted  that  the  cholera  sptril- 
lum  is  restrained  in  its  growth  by  alwut  one-eighth  the  amount  of 
hydrochloric  acid  which  is  retjuired  to  prevent  the  development  cl 
the  bacillus  of  ghmders.  The  typhoid  bacillus  has  a  special  tol^H 
ruuce  for  carlxilic  acid,  etc.  4^| 

(c)  The  temperature  at  which  the  experiment  is  madf,  Al 
the  temperature  most  favitrable  for  growth  a  greater  proportion  ol 
the  antiseptic  agent  is  requirtnl  than  at  unfavorable  tem}>erHtun»— 
lower  or  higher. 

(d)  The  restrain inij  //(y/uf'»cc /or  spore*  is  much  greater  tliaa 
for  the  vegetative  form  of  bacteria. 

Methods  of  Deter  mi  niiKj  Germicide  Value. — The  disinfeci 
power  of  a  chemical  iigent  is  determined  by  allowing  it  to  lict  for 
given  time,  in  a  definite  proportion,  on  a  pure  cultiire  of  a  givn 
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microorganiBm.  and  then  testing  the  question  of  loss  of  vitality  by 
culture  experiments  or  by  inoculations  of  infectious  disease  germs 
into  susceptible  animals. 

The  test  bij  cultivation  is  the  most  reliable,  but  in  making  it 
several  points  must  be  kept  in  view.  Naturall}-  the  conditions  must 
be  sucli  as  are  favorable  for  the  growth  of  the  piirticular  microor- 
ganism which  serves  as  the  test ;  and  we  must  allow  a  considerable 
time  for  the  development  of  the  test  organism,  ft^>r  it  often  hapj)ens 
that  its  vital  acti\'ity  has  been  weakened  'wnthout  being  completely 
destroyed,  and  that  gTo\vth  vril\  occur  after  an  interval  of  several 
days,  while  in  the  control  experiment  it  has  perhaps  been  seen  at 
the  end  of  twenty-four  hours.  Another  most  important  point  is  the 
fact  that  some  of  the  disinfecting  agent  is  necessarily  carried  over 
with  the  test  organisms  when  these  are  transferred  to  a  nutrient 
medium  to  ascertain  whether  the}'  will  grow,  and  this  may  be  in 
sufficient  amount  to  restrain  their  development  and  lead  to  the  mis* 
taken  inference  that  they  have  been  killed.  This  is  especially  true 
of  mercuric  chhjrtde,  which  restrains  the  development  of  spores  in 
very  minute  amomita.  Spores  wliich  have  been  subjected  to  Its  ac- 
tion in  comparatively  strong  solutions,  when  transferred  to  a  culture 
medium  may  fail  t<5  grow  boc'ause  of  the  restraining  influence  of 
the  mercuric  chloride  carried  over  at  the  same  time.  For  this  rea- 
son liquid  ctiltures  are  to  be  preferred  in  experiments  oi  this  kind. 
When  the  test  organisms  are  planted  in  a  solid  culture  medium  the 
chemical  agent  is  left  tis-six-iated  with  them  ;  in  a  liquid  culture,  on 
the  other  hand,  it  is  diluted,  and  the  microorganisms,  being  distri- 
buted thrvmgh  the  nutrient  medium,  have  the  disinfecting  agent 
washed  from  their  surface.  In  the  c^^ise  of  mercuric  chloride,  how- 
ever, the  experiments  of  Gl<»pi>ert  show  that  the  agent  is  so  attached 
to  spores  which  have  been  subjected  to  its  action  that  ordinary 
■washing  does  not  suffice.  Moreover,  spores  which  have  bt*n  ex- 
posed to  the  action  of  mercuric  chloride  wnthout  being  killed  are  re- 
strained in  their  growth  l>y  a  iruicli  smaller  prf»portion  of  the  corro- 
sive sublimate  than  is  required  for  spores  not  so  exposed — according 
to  Geppert,  by  1  part  in  2,iH)i>,00i).  Gep]>ert  therefore  proposes,  in 
experiments  with  this  agent,  to  neutralize  the  mercuric  chloride 
which  remains  attached  to  the  test  organisms  by  washing  these  in 
a  solution  of  ammonium  sulphide,  by  which  the  sublimate  is  preci- 
pitated as  an  inert  sulphide. 

With  most  j^ents  simple  dilution  will  serve  the  purpose  of  pre- 
venting an  erroneous  inference  from  the  restrahiing  intiuenco  of  the 
chemical  agent  being  tested.  If  we  carry,  by  means  of  a  platinum 
loop,  one  or  two  ose  into  five  t^>  ten  cubic  centimetres  of  bouillon, 
the  dilution  will  usually  be  beyond  the  restraining  influence  of  the 
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germicidal  agent  ;  but  we  may  carry  the  dilution  still  further,  to  he 
on  the  side  of  safet}',  by  inoculating  a  secoud  tube  containing  tiw 
same  amount  of  sterile  bouillon  from  the  first,  carrying  over  in  tlire 
same  way  one  or  two  osc.  We  will  still  l>e  very  sure  to  have  a 
oonsideralilo  number  of  the  microorganisms  to  test  the  question  cf 
the  destruction  of  vitality.  Instead  of  bouillon  we  may  use  liqut^ed 
fle8h-})eptone-gelatin,  which  gives  us  the  same  advantage  as  to  dilu- 
tion of  the  disinffcting  agent  ;  and  after  incwulating  t\vo  tubes  m 
above  indicated,  wo  may  make  Esmareh  roll  tubes  by  turning  tbi^ 
upon  a  block  of  ice.  The  development  of  colonies  will  sliow  ii^^l 
tliere  was  a  failure  to  disinfect ;  their  absence,  after  a  projier  inl* 
val,  will  be  evidence  of  the  germicidal  action  of  the  agent  employed. 

Koch's  Method. — In  1881  Koch  pubUshed  his  extended  expesri- 
menta  made  to  determine  the  germicidal  |)ower  of  various  chemioil 
agents  as  tested  uptm  anthrax  spores.  His  methtxl  consisted  in  ei- 
poeing  silk  throada,  to  which  the  dried  sjxires  were  attached,  in  • 
solution  of  the  disinfecting  agent,  and  at  int**rvals  transferring  on* 
of  these  thi'eads  to  a  solid  culture  medium.  The  prin-aution  w« 
taken  to  wash  the  thread  in  distilled  water  when  the  agent  tested  wm 
supposed  t<>  he  likely  to  restrain  developmejit.  In  these  experim«nii 
a  standard  s«vhition  of  the  disinfwting  agent  was  used,  and  the  tioK 
of  exiwsure  was  varied  from  a  few  hours  to  many  days. 

The  Wrifer's  Method. — In  the  writer's  e.Yi)eriments,  maile  is 
1880  and  subsequently,  a  different  method  has  been  adopted.  Tl» 
time  has  l)een  constant — usually  two  hours — and  the  object  has  beoi 
to  find  the  minimum  amount  of  various  chemical  agents  wbidi 
would  destroy  the  test  organisms  in  this  time  ;  and  instead  of  soi^ 
jectiiig  a  few  of  the  test  organisms  attached  to  a  silk  thread  to  tht 
action  of  the  disinfecting  agent,  a  certain  quantity  of  a  recent  col- 
ture — usually  five  cubic  centimetres — has  been  mixed  with  an  equal 
quantity'  of  a  st^indard  solution  of  the  germicidal  agent.  Thus  Brt 
nihic  centimetres  of  a  1  :  2\)0  solution  of  carliolic  acid  would  bf 
added  to  five  cubic  centimetres  of  a  recent  culture  of  the  typboid 
bacillus,  for  example,  and  after  two  hours' contact  one  or  twote 
would  Ix'  intrixluced  into  a  suitable  nutrient  medium  to  test  tfar 
question  of  disinfeetioii.  In  the  case  given  the  result  oUtaiofld 
would  be  set  down  as  the  action  of  a  solution  of  carbolic  acid  in  th» 
proportion  of  I  :  4(>0.  for  the  1  ;  200  solution  was  dilute<l  by  the  odiB- 
tion  of  an  wjual  quautity  of  the  cidture. 

Other  exix«rimentvrs  have  adopted  still  a  different  method.  In- 
stead of  using  a  considerable  and  definite  quantity  of  a  cultaro  eOB- 
taining  the  test  organism,  they  introduce  one  or  two  6se  fnmi  suck 
a  culture  into  a  solution  containing  a  given  proportion  of  the  diAD* 
fectant ;  then  after  ox{K)8ure  for  a  given  time  the  nutrient  medioa  is 
inoculatetl. 
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Tliese  difforont  methods  give  results  which  cannot  be  directly 
compared  one  with  andther,  for  to  obtain  corresponding  resiilta  we 
must  hava  identical  coniiitions. 

Test  by  Inoculah'on  into  Susceptible  Animals. — In  testing  the 
action  of  disinfectants  upon  anthrax  spores  and  other  infectious  dis- 
ease germs,  we  may  inoculate  the  niicroorgamsras,  after  exjjosiire  to 
the  disinfectant,  into  a  susceptible  animal.  This  method  was  adopted 
by  the  writer  in  a  series  of  experiments  in  1881,  but  he  has  not  since 
employed  it,  for  reasons  set  forth  in  his  paper  gi\'ing  an  account  of 
these  experinients. 

"  First.  The  test  organism  may  be  modified  as  regards  repro- 
ductive activity  without  being  killed;  ami  in  this  case  a  modifier!  form 
of  disease  may  result  from  the  inoculation,  of  so  mild  a  character  as 
to  escape  observation.  Second.  An  animal  which  has  suffered  this 
modifietl  form  of  the  thsetis©  enjoys  protection,  more  or  less  perfect, 
from  future  attacks,  and  if  used  for  a  subsequent  experiment  may, 
by  its  immunity  from  the  effects  of  the  pathogenic  ttjst  organism, 
give  rise  to  the  mistaken  assumption  that  this  had  been  destroyed 
by  the  action  of  the  germicidal  agent  to  which  it  had  been  sub- 
jected.''' 

In  experiments  to  determine  the  value  of  an  agent  as  a  disinfec- 
ta.nt,  no  matter  by  what  method,  the  following  conditions,  which  in- 
fluence the  result,  should  l>e  kept  in  view  : 

(a)  The  difference  in  vital  resisting  power  of  different  species 
of  bacteria.  As  a  rule,  the  pathogenic  sjK'cios  have  rather  less  re- 
sisting power  than  the  common  saprophytes,  and  the  micrococci 
have  greater  resisting  power  than  many  of  the  bacilli.  The  differ- 
ence in  the  \'ital  resisting  pjwer  of  some  of  the  Ix'st  known  patho 
genie  species  is  shown  in  the  following  table,  which  we  have  made 
up  from  determinations  made  by  Boer — cultures  in  bouillon  twenty- 
four  hours  old  ;  time  of  exposure,  two  hours. 


1 

Chlorid*-  of 

Nitrate 

Hydrochloric 

Caiwtic 

GtiJU  anil 

of 

Carbolic 

i 

Acid. 

Soda. 

tkidlum. 

surer. 

Add. 

Anthrax  iKieillua 

1  :  1100 

1  :4r.O 

1  :8000 

1:20000 

1:300 

Diphtheria  bacillus 

1  : TOO       ; 

1  :300 

1:1000 

1  :2o0<> 

1  :300 

Glanders  bacillus    

1  :  200       ' 

1  :  150 

1:400 

1:4000 

1  ;300 

Typhoid  bacillua 

Cholera  Spirillum,  , . , , , 

l:80n 

1  :190 

1:500 

1:4000 

1:200 

1  :ia50 

1  :150 

1  :1000 

1  :4000 

1  :400 

(6)  T he  presence  or  absence  of  spores.     The  repro<luctive  ele- 
ments known  as  spores  have  a  far  greater  resisting  ptiwer  to  chemi- 
cal agents,  as  well  as  to  heat,  than  have  the  vegetative  cells.     In 
I  Quoted  from  article  uu  "Germicidea  aod  Dtsiufectanta,"  id  "  Bactcriu,"  p.  213. 
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practical  disinfection,  therefore,  it  is  important  to  know  what 
germs  form  spores  and  what  do  not.  The  following  are  knc 
form  sp<ires  :  The  bacillus  of  anthrax,  the  bacillus  of  tetanus, 
bacillus  of  malignant  cedema,  the  bacillus  of  sjinptomatic  anthrax, 
the  bacillus  of  foul  brood  (infectious  disease  of  bees).  The  followii^ 
so  far  as  is  known,  do  not  form  spores  :  The  pus  cocci  (Staphrlo- 
coccus  pyogenes  albus,  aureus,  and  citreus,  and  Streptococcus  jmy 
genes),  the  micrococcus  of  pneumonia,  the  bacillus  of  typhoid  fevtt, 
the  bacillus  of  glanders,  the  bacillus  of  diphtheria,  the  spirillum  c( 
cholera,  the  spirillum  of  relapsing  fever. 

Many  agents  which  kill  the  growing  bacteria  are  incapable  of 
destroying  the  vitality  of  spores,  and  others  only  tlo  so  in  mndi 
stronger  solutions  or  after  a  long  exposure  to  their  action. 

(e)  The  nuuiher  of  bacteria  to  he  destroyed.  This  is  an  ^sam- 
tial  factor  which  has  often  been  overlooked  by  those  making  experi- 
ments. To  destroy  the  bacteria  carried  over  to  five  cubic  centimetM 
of  distiUetl  water  by  means  of  a  platinum  loop,  is  a  very  different 
matter  from  destroring  the  immensely  greater  number  in  five  nrtic 
centimetres  of  a  recent  bouQlon  culture. 

(rf)  The  nature  and  quantity  of  nssocidfed  rnaferial.  TV 
oxidizing  disinfectants,  like  i>emianganHte  of  potash  and  chloride  t>f 
lime,  not  only  act  upon  the  bacteria,  destroying  them  by  oxidaticin. 
but  upon  all  organic  matter  with  which  they  come  in  contact,  aad  »» 
the  ssime  time  the  disinfecting  agent  is  destroyed  in  the  "hfn*^ 
reaction,  which  is  a  quantitative  one.  The  presence,  therefoiv,  U 
organic  material  in  association  with  the  bacteria  is  an  importMl 
factor,  and  if  this  is  in  excess  the  disinfectant  nia\-  be  neutnliitJ 
befort*  the  living  bacteria  are  destrDved.  Othor  substances  whidl 
precipitate  the  disinfecting  agent  iu  an  msolublo  form,  or  deoofniKHi 
it,  must  of  course  have  the  same  effect.  Thus  the  presence  of  Badim 
chloride  in  a  culture  medium  would  be  an  import-jint  rircunistaiu»if 
nitrate  of  silver  was  the  agent  being  tested,  as  the  insoluble  cfaloriik 
wouhl  be  precipitated.  And  in  the  case  of  mercuric  chloride  aai 
certain  other  metallic  salts  the  presence  of  albumin  very  tnateriaQf 
influences  the  result.  Van  Ermeiigom  states  that  the  cholera  flifl- 
lum  in  bouillon  is  destroyed  in  half  an  hour  by  mercuric  chloride  ■ 
the  jvroiKjrtion  of  1;GO,000.  while  in  blood  senuu  1:800  was  requni 
to  ilostroy  it  in  the  same  time. 

(e)  The  time  of  exposure  is  also  an  important  factor.  Soar 
agents  act  very  promptly,  wliile  others  require  a  considerable  tim*  lo 
effect  the  destruction  of  iMuiteria  exposed  to  their  actioxu  Tins  • 
s«:>lution  of  chloride  of  lime  containing  0.12  per  cent  destroy*  tlw 
typhoid  bacillus  and  the  cholera  spirillum  in  five  minutee,  aai 
the  anthrax  bacillus  in  one  minute  (Nissen).     On  the  other  ^•'wt 
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quicklime  (milk  of  lime)  requires  a  contact  of  several  hours  to  in- 
sure the  destruction  of  pathojjfenic  bacteria. 

(/)  The  temperature  at  ivhich  the  exposure  is  made  has  a 
material  influence  upon  the  result.  This  is  shown  by  the  experi- 
ments of  Heiile  and  of  Nocht.  As  a  general  rule  germicidal  activ- 
ity increases  in  direct  prtiportiou  to  the  increase  in  temperature  from 
20°  C.  upward. 

ig)  The  degree  of  dilution  of  the  disinfecting  agent  is  also  a 
matter  of  importance.  This  is  especially  true  of  solutions  of  acids 
and  alkalies.  When  a  silk  thread  to  which  bacteria  are  attached  is 
suspended  in  an  acid  solution  the  essential  point  is  the  degree  of 
acidity,  an<l  not  the  quantity  of  acid  in  the  entire  solution.  But  if  a 
solution  of  permanganate  of  potash,  or  any  other  active  oxidizing 
agent,  is  used,  the  principal  question  is  not  the  degree  of  dilution,  but 
the  amount  of  the  disinfecting  agent  present  in  the  solution  used.  A 
grain  ot  potassium  pernianganate  dissolved  in  two  Jluidouncos  of 
distilled  water  would  probably  kill  just  as  many  bacteria  as  if  it 
were  dissolved  in  half  a  tluidounce,  although  the  time  required  for 
disinfection  might  be  longer. 

From  what  has  been  said  it  is  evident  that  the  simple  statement 
that  a  certain  agent  is  a  germicide  in  a  certain  proportion  has  but 
little  scientific  value,  unless  we  are  made  acquainted  with  the  condi- 
tions under  which  its  germicidal  action  has  been  tested. 
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ACTION  OF  GASES  AND   OF  THE   HALOID  ELEifEXTS 
UPON  BACTERIA. 

Oxygen. — Free  oxygen  is  essential  for  the  development  of  a  \aTgf 
number  of  epecies  of  bacteria — aerobics  ;  and  it  completely  prerenta 
the  grow-th  of  others — anaerobics.  Many  bacteria,  even  when  frwlr 
exposed  in  a  desiccated  condition  to  the  action  of  atmospheric  oxygec, 
retain  their  vitality  for  a  long  time.  The  gradual  loss  of  ptathogenic 
power  which  Pasteur  has  shown  occurs  in  cultures  of  the  anthnu 
bacillus  and  the  micrococcus  of  fowl  cholera,  is  ascribed  by  him  lo 
exposure  to  oxj'gen,  and  as  proof  of  this  he  states  that  cultures  kept 
in  hermetically  sealed  tubes  do  not  lose  their  virulence  in  the  saiue 
degree.  But  other  circimistances  may  influence  the  result.  Thw 
some  of  the  products  of  growth  which  accumulate  in  culture  fluiiis 
have  an  injurious  effect  uptm  the  vitality  of  the  bacteria  which  pn»- 
duced  them,  and  in  time  may  cause  a  complete  destruction  of  Wtahtv. 
lu  cultures  exposed  to  the  air  these  products  would  be  in  a  mow 
concentrated  solution  from  the  gradual  evaporation  of  the  cultuft- 
liquid.  It  must  also  be  remembered  that  Ught  in  the  presence  ci 
oxygen  is  a  germicidal  agent. 

The  experiments  of  Frankel  show  that  the  aerobic  bacteria  grow 
abundtmtly  in  the  presence  of  pure  oxygen,  and  some  species  even 
more  so  than  in  ordinary  air.  Jlicrucoccus  prodigiosus.  however. 
apiM-ared  to  be  unfavorable^  affecttnl  by  pure  oxygen,  inasmuch  as  it 
did  nut  produce  pigment  so  readily  as  when  cultivated  in  ordinary  air, 

ya.sri'iit  oxijtjen  is  a  very  i>otent  germicidal  agent,  as  will  besrvn 
in  our  account  of  such  oxidizing  disinfectanta  as  potassium  permaa- 
ganate  and  the  hyix>chlorite  of  lime. 

Ozone. — It  was  formerly  suppu.'^ed  that  ozone  would  prove  to  be 
a  most  valuable  agent  for  disinfecting  purj>oses  ;  but  recent  ezpen- 
ments  show  that  it  is  not  so  active  a  gennicide  as  was  anticipated. 
and  that  from  a  practical  point  of  view  it  has  comparatively  little 
value. 

Lukaschewitsch  found  that  one  gramme  in  the  space  of  a  cubic 
metre  failed  to  kill  anthrax  spores  in  twenty -four  hours.  The  chokn 
spirillum  ui  a  moist  state  was  killed  in  this  time  by  the  same  amount, 
but  fifteen  hours'  exposure  failed  to  destroy  it.  Ozone  for  tliese  es- 
puriments  was  developed  by  means  of  electricity'. 
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Wyssokowicz  found  that  tlie  presence  of  ozone  in  a  culture  me- 
dium restrained  the  development  of  the  anthrax  bacillus,  the  bacillus 
of  typhoid  fever,  and  others  tested,  but  concludes  that  this  is  rather 
due  to  the  oxidation  of  bases  contained  in  the  nutrient  medium  than 
to  a  direct  action  upon  the  pathogenic  bacteria. 

Sonntag,  in  his  carefully  conducted  experiments,  in  which  a  cur- 
rent of  ozonized  jiir  waa  made  to  pass  over  silk  threads  to  which  were 
attached  anthrax  spores,  had  an  entirely  negative  result.  The  an- 
thrax bacillus  from  the  spleen  of  a  mouse,  and  free  from  spores,  was 
then  tested,  also  with  a  negative  result,  even  after  exposure  to  the 
ozonized  air  for  twenty  minutes  at  a  time  on  four  successive  days.  In 
another  experiment  several  test  organisms  (Bacillus  anthracis,  Bacil- 
lus pneumoniffl  of  Friedlander,  Staphylococcus  pyogenes  aureus, 
Staphylococcus  pyogenes  albus,  Bacillus  niurisepticus.  Bacillus 
crassus  sputigenus)  were  exposed  on  silk  threads  ftir  twenty-four 
hours  in  an  atmosphere  containing  4. 1  milligranunes  of  ozone  to  the 
litre  of  air  (0. 1!)  volumes  per  cent).  The  result  was  entireh*  negative. 
When  the  amount  was  increa-sed  to  13.53  milligrammes  per  litre  the 
anthrax  bticillus  and  Staphylococcus  pyogenes  albus  failed  to  grow 
after  twenty-four  hours'  exposure.  The  conclusion  reached  by  Nis- 
sen,  from  his  own  experiments  and  a  careful  consideration  of  those 
previously  made  by  others,  is  that  ozone  is  of  no  practical  value  as  a 
germicide  in  therapeutics  or  disinfection. 

Hydrogen. — This  gas  has  no  injurious  effect  upon  bacteria,  as  is 
shown  by  the  fact  that  the  anaerobic  and  facultative  anaerobic  species 
grow  readily  in  an  atmosphere  of  pure  hydrogen. 

Hydrogen  peroxide  in  solution  in  water  is  a  valuable  antiseptic 
and  deodorant,  but  its  value  as  a  germicide  has  been  very  much 
overestimated.  Miquel,  in  his  exjxjrijnents  to  determine  the  anti- 
septic value  of  various  agents,  places  H,0,  third  in  the  hst  of  ' '  sub- 
stances eminently  antiseptic,"  and  sttitesthat  it  prevents  the  develop- 
ment of  the  bacteria  of  putrefaction  in  the  proportion  of  1: 20,000. 

In  the  writer's  experiments  (1885)  a  solution  was  used  which 
contaJneil  at  first  4.8  per  cent  of  H,0,,  and  five  pier  cent  of  sulphuric 
acid  which  was  added  by  the  chemist  who  pre[>ared  the  solution,  to 
prevent  loss  of  the  hydrogen  peroxide.  At  the  end  of  a  month  the 
amount  of  H,0,  was  again  estimated,  and  found  to  be  3.&8  per  cent. 
Five  weeks  later  the  proportion  was  ^.4  per  cent.  Tested  upon 
'*  broken-down  "  beef  tea,  this  solution  was  found  to  destroy  the 
vitality  of  the  bacteria  of  putrefaction  contiiiiied  in  it,  in  two  hours' 
time,  in  the  proportion  of  thirty  per  cent  (about  l.'i  per  cent  of  H,0,j). 
Anthrax  spores  were  killed  in  the  stime  time  by  a  twentj'-per-cont 
uolution  (U.8  per  cent  H,0.j).  Tested  ujxjn  a  pure  culture  of  pus 
cocci,  it  was  active  in  the  proportion  of  ten  per  cent  (0. 4  per  cent  of 
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H,0,);  a  solution  containing  0.24  per  cent  of  H,0,  failed  to  kill 
cocci.  But  the  solution  used  in  these  experiments  contained  also  fire 
per  cent  of  sulphuric  aciil,  which  by  itself  kills  micrococci  in  the 
portion  <jf  I :  "iOO.  My  conclusion  wtvs  that,  unless  the  chemists 
furnish  more  concentrated  solutions  which  will  keep  better  than  thai 
with  which  I  experimented,  we  are  not  likely  to  derive  any  pradickl 
benefit  from  the  use  of  hydrogen  peroxide  as  a  disinfectant. 

Altehofer  more  recently  has  experimented  with  a  solution  eont«tn- 
ingQ.7  percent  of  H./),,  and  reports  the  following  results:  He  added 
to  ninety -eight  cubic  centimetres  of  hydrant  water  two  cubic  centi- 
metres of  a  btaiillon  culture  of  the  typhoid  bacillus,  and  to  this  'wm 
added  sufficient  of  his  aqueous  solution  of  H,(>,  to  make  the 
tion  present  1:1,(.KX),  At  the  end  of  twenty-four  hours  the 
was  proved  by  culture  exjjcriments  to  be  killed.  Water  contain!^ 
the  cliolera  spiriHum,  treated  in  the  same  way,  was  not  entirely  si 
ized,  as  a  few  colonies  developed  in  Esmarch  roll  tubes  ;  but  the 
eral  residt  of  his  ex^ieriments  was  that  the  ordinary  water 
and  the  pathogenic  bacteria  named  (cholera,  typhoid)  when 
pended  in  water,  required  for  their  destruction  exposure  for  twenty- 
four  hours  in  a  solution  containing  one  part  of  H,0,  in  one  tbooaaad 
of  water. 

Carbon  Dioxide. — The  experiments  of  Fninkelshow  that  certais 
bacteria  grow  in  an  atmosphere  of  Cl ),  as  well  as  in  the  air  ;  awyy 
theeeare  the  bacillus  of  typhnid  fever  and  the  pneumonia  faectltoi 
of  Friedliinder.  Other  species  are  slightly  restricted  in  their  growth, 
e.(f.  Bacillus  prodigiosus,  Proteus  vulgaris.  Still  others  ^row  uolv 
when  the  tem|>erature  is  elevated,  including  the  pus  cocci  and  thf 
bacillus  of  swine  jK'st.  Jlost  of  the  sajirophytic  bacteria  failed  lo 
grow  in  an  atmosphere  of  CO,,  although  their  vitality  >ras  nut  df^ 
stroyed  by  it.  Certain  patlutgenic  species  were,  however,  killed  br 
the  action  of  this  gas,  among  others  the  cholera  spirillum,  Baciltu* 
anthracis,  and  StaiihylociH'cus  ])Vogene8  aureus. 

Leone  and  Ilochstetter  had  previously  reported  that  certain  \»e- 
teria  are  injuriously  titTected  by  CO,.  Frankel  also  found  thAt  ll» 
growth  of  strictly  anai'-robic  sjiecies  was  restricted  in  an  atmi«pbrrv 
of  carbon  dioxide.  The  aerobic  sjHH-ies  which  failed  to  grow  in  paw 
CO,  grew  abimdantly  when  a  little  atmosi>beric  oxygen  was  mi- 
initted.  In  the  exj>erimenta  of  P'ranklnad  the  cholera  sptnllum  aoi 
the  Finkb'r-Prior  s[tiril!um  failed  to  develoj)  in  an  attnoHpbere  ti 
Co,,  and  at  the  end  of  eight  days  were  no  longer  capiible  of  growlk 
when  the  carbon  dioxide  was  replaced  with  atinuspheric  air. 

Carbonic  Oxide. — Frankland's  exjMjriments  show  that  an  Attain 
sphere  of  this  gas  is  not  favorable  to  the  growth  of  the  cholera  noin)- 
lura  or  of  the  Finklor-Prior  spirillum,  although  it  did  not  entix^f 
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prevent  developmetit,  and  after  seven  days' exposure  the  spirilla  were 
not  all  killed,  although  a  coruparativelj'  small  number  of  colonies  de- 
velopetl.  Bacillus  py<x"yaueus  failed  to  grow  in  an  atmosphere  of 
C< ),  but  when  air  waa  atlmitted,  at  the  end  of  seven  or  eight  days, 
abundant  development  occurred. 

Methane,  CH,. — We  have  no  exact  experiments  to  determine 
the  action  of  marsh  gas  in  a  pure  state  on  bacteria,  but  the  experi- 
ments of  Kiadakis  upon  illuminating  gas  may  be  taken  as  repre- 
senting approximately  what  might  be  exf>ected  from  exposure  in 
pure  C'H,.  An  analysis  of  the  g.T.3  used  in  his  expt>riment.s  sliowed 
it  to  contain  37.1*7  per  cent  of  hydrogen,  30.37  per  cent  of  mutliane 
(CHJ,  f).»9  per  cent  of  nitrogen,  i.2d  ix>r  cent  of  ethene  (C',HJ,  ;3.'.>7 
per  cent  of  carbonic  oxide  (C(  J),  O.fJl  per  cent  of  oxygen,  and  0.41  per 
cent  of  carbon  dioxide.  As  hydrogen  and  nitrogen  are  neutral,  and 
carbonic  oxide  is  shown  by  the  expsriments  of  Frankland  not  to  act 
as  a  gennicide  after  several  days'  exposure  to  its  action,  the  prjsitive 
results  obtained  in  the  experiments  of  Kiadakis  may  be  ascribed  to 
the  presence  of  CH,  (39.37  per  cent)  or  of  C,H,  {i.'i9  per  cent),  or  of 
both  together. 

A  large  number  of  microorganisms  were  tested,  and  among  these 
Proteus  vulgaris  aloue  grew  in  an  atmosphere  of  iUuminaling  gas. 
The  others  not  only  failed  to  grow  in  su<;h  an  atmosphere,  but  were 
destroj-ed  by  it.  Cultures  of  Bacillus  anthracis.  Staphylococcus  pyo- 
genes aureus,  and  *Sj>irilltim  cholerre  Asiaticje  were  sterilized  in  half 
an  hour  by  the  action  of  this  g;iH.  The  gas  was  also  found  to  ]»*  un- 
suitable for  anaerobic  cultures. 

Nitrous  Oxide,  N,c^. — The  experiments  of  Frankland,  made 
upon  the  cholera  spirillum,  the  spirillum  of  Finkler-Prior,  and  the 
bacillus  of  green  pus,  gave  results  similar  to  those  obtained  with  CO, 
•sdz.,  seven  days'  expt>sure  in  an  atmosphere  of  this  gtis  failed  to  de- 
stroy the  test  organisms,  but  complet<;ly  restrained  the  growth  of 
Bacillus  pyocyaneus  and  interfered  materially  with  the  development 
of  the  two  species  of  spirillum  without  entirely  preventing  it. 

Nifroyeu  Dioxide,  NO. — Fraukhmd  found  that  his  test  organ- 
isms were  quickly  killed  by  this  gas  (Bacillus  jiyocyaneus,  Spirillum 
cholerpe  Asiatica?,  Spirillum  Finkler-Priur). 

Hijdiosnlphnric  Arid,  H,S. — In  the  experiments  of  Franklatul 
this  gas  proved  tt>  be  quickly  fatal  to  the  bacteria  tested  (Eiicillus 
pyocyaneus.  Spirillum  choler.'e  Asiaticje,  Spirillum  Finkler-Prior). 
On  the  other  hand,  Grauer  found  that  this  gas  did  not  exercise  any 
injurious  influence  upon  the  tubercle  bacillus,  the  bacillus  of  anthrax, 
the„typhoid  bacillus,  or  the  cholera  spirillum,  after  the  exposure  of 
these  microorganisms  in  a  current  of  the  gas  for  an  hour. 

It  has  been  shown  by  the  experiments  of   Holschewnikoff   and 
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others  that  curtain  sptjcios  of  bacteria  cause  an  abundant  evolu' 
of  H,S  as  a  result  of  their  development  in  an  albuminous  medii 
(Biifillus  suIfureuH  and  Proteus  eulfureus). 

iStiljjhur  Dioxide,  SO,. — Very  numerous  experiments  have 
made  with  this  gas,  owing  to  the  fact  that  it  has  been  extensd 
used  in  various  parts  of  the  world  fur  the  disinfection   of  hospi' 
ships,  apartments,  clotliing,  etc. 

In  the  writer's  exfteriments,  made  in  1880,  dry  vaccine  vinw  oo 
ivory  points  Wiis  disinfected  by  exposure  for  twelve  hours  in  an 
mosphere  CH)iTtuining  (vne  vokune  per  cent  of  this  gas,  and  hqi 
virus,  exposeil  in  a  watch  glass,  by  one-third  of  tliis  amount.  Sai 
setjuent  experiments  (lSJv.">)  showed  that  pus  micrococci  were 
by  exposure  for  eighteen  hours  in  a  dry  atmosphere  containing  tweni 
volumes  per  cent  of  SO,,  but  that  four  volumes  ^)er  cent  failed. 
the  presence  of  moisture  this  gas  has  considerablj-  greater  germiciti 
power  than  this,  owing,  no  doubt,  to  the  formation  of  the  more  up* 
tive  agent,  sulphurous  acid  (H,SO,).  But  in  a  pure  state  anfavdrtKis 
sulphur  dioxide  does  not  destroy  siMjres.  The  writer  has  shown  that 
the  spores  of  Bacillus  anthracis  and  Bacillus  subtilis  are  not  kilK-d  by 
contact  for  some  time  Tvnth  liquid  SO,  (liquefied  by  pressure).  Kuk4i 
exposed  various  sjieciesof  spore-beariugUicilliin  a  disinfection  cham- 
ber fur  ninety -six  hours,  the  amount  of  SO,  at  the  outset  of  the  ei< 
periment  being  G.13  volumes  per  cent,  and  at  the  end  3.3  per  oeoL 
The  result  was  entirely  negative. 

But  in  the  absence  of  sjxjres  the  anthrax  bacillus,  in  a  moist  con- 
dition, attiichod  to  silk  thresids,  was  destroyed  in  thirty  minutes  in 
an  atint»s]>here  containing  one  volume  per  cent. 

In  another  of  Koch's  exiieriinents  the  amount  of  S( ),  in  the  di«tB- 
fectiou  chamber  was  at  the  outset  0.IS4  per  cent,  and  at  the  end  ct 
twenty-four  hours  0.55  per  cent.  An  exposure  of  one  hour  in  this  at- 
mosphere killed  anthrax  bacilU  attached  to  silk  threads,  in  a  moet 
condition;  but  four  hours'  exposure  failed  to  kill  BiK-illusjinxligicMH 
growing  on  potato,  while  twenty-four  hours' exposure  was  micoeeefoL 
A  similar  result  wsis  obtained  with  Biicillus  pyiX'yaneus. 

Thinot,  as  a  result  of  experiments  made  in  18;>0,  arrives  at  tbr 
conclusii>n  that  the  speciHc  germs  of  tuberculosis,  glanders,  famr  ol 
cattle,  typhoid  fever,  cholera,  and  diphtheria  are  destroye<l  by  twrentj- 
four  hours'  exposure  in  an  atmosphere  containing  SO,  developed 
the  combustion  of  sixty  grains  of  sulphur  pt<r  cubic  metre.  Thk 
amount  corresponds  closely  w^ith  that  fixed  by  the  Committee  on  Di»- 
infectants  of  the  American  Public  Health  Ass(x;iatiou  i>n  the  expefi- 
mental -evidence  obtained  by  the  writer  in  1885.  But  the  cotiunittM 
insisted  upon  the  presence  of  moisture  and  made  the  time  of  erposvir 
twelve  houre — ''exposure  for  twelve  hours  to  an  atmosphere  «»- 
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taiiiing  at  least  four  vohiines  per  of^nt  ^>{  this  gas  in  the  presence  of 
moisture. " 

Chlorine. — The  lialoitl  elements  are  active  germicidal  agents, 
especially  chlorine  on  account  of  its  affinity  for  hydrogen,  and  the 
consequent  relea.se  of  ntiscent  oxygen  when  it  comes  in  contact  with 
microorganisms  in  a  moist  condition.  And  for  the  same  reason  this 
agent  is  a  much  more  active  gennicide  in  the  presence  of  moisture 
than  in  a  dry  condition.  The  experiments  of  Fischer  and  Proskauer 
showetl  that  when  dried  anthrax  six>res  were  exposed  for  an  hour  in 
an  atmosphere  containing  •4+.  7  per  cent  of  dry  chlorine  thej'  were  not 
destroyed  ;  but  if  the  spores  were  previously  moistened  and  were  ex- 
posed in  a  moist  atmosphere  for  the  sfime  time,  four  per  cent  was 
effective,  and  when  the  time  wa.«i  extended  to  three  hours  one  per 
cent  destroyed  their  \'itjility.  Thn  anthrtix  bacilhis,  in  the  absence  of 
spores,  was  killed  by  exp<3sure  in  a  moist  atmosphere  containing  1 
part  to  2,500,  the  time  of  exposure  Ix»ing  twenty-four  hours,  and  the 
same  amount  wiis  effective  for  Micrtx'occus  tetragonu.s  ;  the  strepto- 
coccus of  erysipelas  and  the  micrococcus  of  fowl  cholera  were  killed  in 
three  hours  by  1  :;:i,500,  and  in  twenty-four  hours  by  1:  25,000.  The 
bjicillus  of  mouse  septicaemia  and  the  tubercle  bacillus  were  killed  in 
one  hour  by  ]  :  'iW. 

In  the  writer's  experiments  (1880)  four  children  were  vaccinated 
with  WruH  from  ivory  points  which  had  l)oen  exposed  for  six  hours  in 
an  atmosphere  continuing  une-half  per  cent  of  cliloriue  ;  also  with 
four  points,  from  the  same  lot,  not  disinfected.  Vaccination  was  un- 
successful in  every  cjuso  with  the  <lisinfected  points,  and  successfxil 
ivith  those  not  disinfected.  Ktx-h  found  that  anthrax  spores  faUed 
to  grow  after  twenty- four  hours'  e.vpoaure  in  chlorine  water.  In 
the  experiments  of  De  la  Croix  to  determine  the  antiseptic  [)ower  of 
this  agent,  it  was  found  that  when  present  in  unboiled  beef  infusion 
ill  the  [uroportion  fif  1  :  lo.WiO  no  development  of  bacteria  occurred. 
Miquel  gives  tlie  antiseptic  value  of  chlorine  as  1  ;  ■4,0tiO. 

Chloroform. — Inunersion  for  one  hundred  days  in  chloroform 
d<K?s  not  destroy  the  vitalitv  of  anthrax  spores  (Ktx-h).  This  agent 
is  without  effect  on  the  virus  of  symptomatic  anthrax  (Arloing, 
ComeWn,  and  Thomas).  Salkiiwski  found  that  the  anthrax  biicillus 
in  the  absence  of  siMjres,  and  tlie  cholera  spirillum,  were  killed  by 
being  inunersed  in  c'hlcirofin'na  water  for  half  an  hour.  Kirchuer 
rei>orts  still  more  favorable  results.  In  his  experiments  a  one-per- 
cent solution  killed  the  cholera  Bpirilhun  in  less  than  a  minute,  and 
a  one-cpiarter-jier-cent  solution  in  an  hour.  But  the  typhoid  bacillus 
re*iuired  at  least  one-half  jwr  cent  acting  for  an  hour. 

Iodine. — In  the  writer's  exix^i-iments  (1880)  iodine  in  aqueous 
solution  with  potassium  iodide  was  found  to  be  fatal  to  SficTococcus 
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pneumoniae  emu  posse  in  the  proportion  of  1  ;  1,000,  ami  to  the  staphy- 
lococci of  pus  in  1  :  500 — time  of  exi>oaure  two  hours.  Iodine  water 
was  found  by  Kooh  to  destroy  the  vitahty  of  anthrax  spores  in 
twenty-four  liour**,  but  a  two-j^er-c^nt  sohition  in  alcuhol  failed  to 
destroy  anthrax  spores  in  forty-eight  hours.  In  the  experiments  of 
Schill  and  Fischer  twenty  hours'  contact  with  a  solution  of  the 
strength  of  1  :  5fX)  failed  to  destroy  tiie  vinilenco  of  tuberculous  spu- 
tum, as  tested  by  inoculation  experiments.  The  antiseptic  value  of 
iodine  is  jeriven  by  Mique!  as  1  :  4.0iX>. 

Bromine. — Fischer  and  Proskauer  have  studied  the  action  of 
bromine  vap<ir  upon  various  rnicriKirganisms.  Thoy  found  that  ex- 
posure for  three  hours  in  a  dry  atmosphere  to  three  per  cent  does 
not  destroy  the  tutercle  bacillus  in  sputum  or  the  spores  of  an- 
thrax. But  when  the  atmosphere  is  saturated  with  moistui'o  1  :  500 
is  effective  ;  aud  when  the  time  of  exposure  was  extended  to  twenty- 
four  hours,  1  : 3.500.  A  two-per-cent  solution  destroys  the  vitality 
of  anthrax  sjvores  in  twenty-four  hours  (Koch).  Bromine  vapor  is 
an  active  agent  for  the  destruction  of  the  \nrus  of  symptomatic  an- 
thrax (Arloing,  Comevin,  and  Thomas).  Miquel  gives  the  antisep- 
tic value  of  bromine  as  1  ;  l.tJOC,  which  is  considerably  below  that  of 
chlorine  and  iodine. 

Iodine  Trichloride. — According  to  Beliriiig,  wo  possess  in  this 
agent  a  disinfectant  which  possesses  the  potency  of  free  chlorine  and 
iodine  without  haviug  their  disadvantages.  As  prepared  by  O.  Rie- 
del  it  is  a  yellowish-red  f>i)wder  of  ix^netrating  odor.  It  remmns  un- 
changed for  weeks  in  concentrated  aijueous  solution  (five  per  cent). 
A  one-per-cent  solution  destroys  anthrax  spores  suspended  in  water 
almo.st  instantly,  and  a  CS-jjer-cent  aolutiun  -vvithin  a  few  minutes. 
Anthrax  spores  in  blood  serum  are  killed  by  a  one-per-cent  solution 
in  forty  minutes  (Behring).  Langenbuch  found  that  a  solution  of 
1  I  1,000  kills  spares  in  a  short  time,  and  that  when  added  to  nutri- 
ent gelatin  in  the  propoiiion  of  1  : 1,200  it  restraini^  the  develop- 
ment of  bacteria. 

Iodoform. — Numerous  experiments  have  Iwen  made  wnth  this 
agent,  which  show  that  it  has  little,  if  any,  germicidal  power  ;  but 
it  acts  to  some  extent  as  an  antiseptic.  Tilanua  reports  that  the  tu- 
bercle bacillus  will  not  grow  in  glycerin-agar  cultures  to  which  a 
small  tpiaiitity  of  iudofonn  hits  been  added,  and  that  a  pure  cidture 
of  the  tuterde  bacillus  was  not  killed  in  six  days  by  exposure  to 
iodoform  vapor,  but  that  after  six  weeks'  exposure  it  failed  to  grow. 
The  experiments  of  Neiaser  and  of  Buchner  show  that  while  most 
bacteria  are  not  injuriously  affected  by  exposure  to  iodoform  vapor, 
the  cholera  spirillum  and  the  Finkler- Prior  spirillum  are  rtwtrained  in 
their  growth  bj'  such  exposure.     When  plate  cultures  of  the  cholera 
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spirillum  were  placed  imiler  a  bell  jar  beside  iodoform  powder 
no  development  occurred,  but  when  the}'  were  removed  colonies  de- 
veloped, showing  that  the  sjjirilla  were  not  killed. 

Iodoform  Ether,  according  to  Yersin,  is  fatal  to  the  tubercle  ba- 
cillus in  one-per-cent  solution  in  five  minutes.  Cadeac  and  Meunier 
found  that  a  saturated  solution  required  thirty-six  hours  to  kill  the 
bacillus  of  typhoid  fever. 

Jodol. — In  exjteriments  made  by  the  writer  (18B5)  this  agent  was 
found  to  be  without  germicidal  power.  Riedlin  found  it  without  any 
action,  even  uptin  the  cholera  Hpirilluni. 

Hydrofluoric  Acid,  HFl.^From  a  series  of  experiments  made 
with  this  gHvS,  Grancher  and  Chautard  arrive  at  the  conclusion  that 
"  the  direct  and  prolonged  action  of  hydroHuoric  acid  upon  the  tuber- 
cle bacillus  diminishes  its  vindence  but  does  not  kill  it." 

Hozoiodul  ^Ic/d, according  to  Draer,is  a  phenol,  in  which  two  atoms 
of  hydrogen  are  replaced  by  two  of  iodine  and  one  atom  by  the  group 
HSO,.  This  acid  and  its  salts  with  soda,  potash,  zinc,  and  mercury 
have  been  testetl  by  the  author  nanie<l.  The  acid  and  its  salt  with 
mercury  were  found  to  destroy  the  cholera  spirillum  in  two  hours'  time 
in  two-per-cent  solution.  A  two-per-rent  solution  of  phenol  would 
have  accomplished  the  same  result  and  in  less  time.  Tribromphenol, 
according  to  Driier,  is  less  active  than  sozoiodol  acid  j  and  it  appears 
from  the  experimental  evidence  on  record  that  combinationa  of 
iodine,  chlorine,  or  bromine  with  phenol  are  less  active  that  the 
haloid  elements  alone.  According  to  Karpow  (1893)  vionocldor- 
pfienol,  tested  upon  anthrax  epores  attachetl  to  silk  threads,  proved 
to  be  decidedly  more  active  than  phenol. 

Nosophen  (tetraiotlphenolphthalein),  according  to  Lieven  (1805) 
contains  sixty-one  per  cent  of  iodine.  It  is  entirely  insoluble  in 
water.  When  added  to  nutrient  gelatin  in  the  proportion  of  one- 
quarter  per  cent  it  prevented  the  development  of  the  anthrax  bacillus 
and  of  Staphylococcus  aureus,  but  failed  to  prevent  the  development 
of  Bacillus  pyocyaneus  (Lieven). 


IX. 
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Sulphuric  Acid,  H,SO,, — The  experiments  of  Koch  (IW1) 
showeil  thsit  anthrax  spores  were  still  capable  of  gro'wing'  after  ci- 
posure  in  a  oue-per-cent  solution  of  sulphuric  acid  for  twenty  djijx 
In  the  writer's  experiments  (1885)  a  four-per-cent  solution  failed  to 
destroy  the  spores  of  Bacillus  subtilis  in  four  hours,  and  an  ejgitl- 
per-ceut  sohition  was  found  to  be  required  for  the  sterilization  of 
ctilturo  fluids  containing  spores  ;  but  the  multiplication  of  the  haeth- 
ria  of  putrefaction  was  prevented  by  the  presence  of  this  acid  in  A 
culture  solution  in  the  proportion  of  1  :  800.  Pus  micrococci  wtn 
destroyed  by  exposure  for  two  hours  in  a  solution  containing  1  :  SOd 

The  experiments  of  Boer  show  that  there  is  a  considerable  diffsr- 
ence  in  the  resisting  power  of  different  pathogenic  bacteria.  The 
time  of  exposure  being  two  hours,  cultures  in  bouillon  tweDtr-fow 
hours  old  gave  the  following  results  : 


Anthrax  bacillus. . 
DiphlhiTtii  hncillus 
GlaiicieTB  bftL-illus.. 
Tvphokl  binillus. . 
Cliolcra  spirillum  . 


RMtnlna 

D^tnt/B 

derelopment. 

TiiMiaj 

1:!»50 

1:1800 

1 :  ao-v) 

1:900 

1  :750 

1:800 

1  :  ISM 

1:800 

1  :7000 

1:1800 

Leitz,  in  his  studies  relating  to  the  bacillus  of  t^-phoid  lavM^ 
reports  the  following  results  :  The  dejections  of  tyj)hoid 
mixed  with  an  equal  proportion  of  the  disinfecting  solution, 
sterilized  by  a  five-per-cent  solution  of  sulphuric  acid  in  throe  dafK. 
A  pure  culture  was  sterilized  in  fifteen  minutes  by  two  per  cent,  ud 
in  five  minutoH  by  five  jjer  cent. 

Suljihnrouii  Acid,  H,SO,. — In  the  writer's  experiments  (1S84) 
micrococci  were  destroyed  in  two  hours  by  1  :  2,000  by  weight  of  SO, 
added  to  water.  Kitasato  found  that  solutions  of  sulphunius  and 
in  the  propiortion  of  (>.28  per  cent  killed  the  typhoid  baciUos,  mai 
0.148  per  cent  the  cholera  spirillum.     De  la  Croix  found  that  mr 
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gran^me  of  SO,  added  to  two  thousand  of  bouillon  prevents  the  de- 
velopment of  putrefactive  bacteria  and  after  a  time  destroys  the 
vitaKty  of  these  bacteria.  The  writer  found  that  pus  cocci  failed  to 
^ow  in  a  culture  solution  containing  one  part  of  SOi  in  five  thousand 
of  water. 

Nitric  Acid,  HNO,. — In  the  writer's  experiments  an  eight-jx?r- 
cent  solution  which  contained  0.819  gi'amme  of  HNO,  in  each  cubic 
centimetre  sterilized  broken-down  beef  tea  containing  spores,  and 
five  per  cent  failed  to  do  so,  Kitasato,  in  experiments  upon  the  chol- 
era spirilhim  and  typhoid  bacillus,  obtained  results  corresponding 
•with  those  obtaine<l  with  hydrochloric  acid — O.'J  per  cent  destroyed 
vitality  at  the  end  of  four*  or  five  hours.  In  these  experiments  the 
acid  used  contained  0.35  gramme  HNO,  in  one  cubic  centimetre. 

Nitrous  A  cid. — In  the  writer's  exjjeriments  on  vaccine  virus  ( 18S0) 
exposure  for  six  hours  in  an  atmosphere  containing  one  per  cent  of 
nitrous  acid  destroj-ed  the  \nrulence  of  dried  virus  upon  ivory  points. 

Hydrochloric  Acid,  HCl. — Anthrax  spores  are  destroyed  in  t«n 
days  by  a  two-por-cent  solution,  but  not  in  five  days  (Koch).  Test«>d 
upon  broken-down  lieef  tea  containing  sp<:)res  of  Bacillus  subtilia,  it 
ivas  effective  in  two  hours  in  the  proportion  of  fifteen  per  cent,  but 
failed  in  ten  per  cent  (Sternberg).  In  the  experiment's  of  Kitaaato  this 
acid  destroyed  the  typhoid  bacillus  in  five  hours  in  the  proportion  of 
0.2  jier  cent,  and  the  cholera  spirillum  in  OA'.Vi  per  cent — the  acid 
used  contained  0.2<>  gramme  HCl  in  one  cubic  centimetre.  We  give 
the  more  recent  determinations  of  Boer  in  tabular  form.  Its  germi- 
cidal power  was  tested  upon  bouillon  cultures  which  had  been  kept 
for  twenty-four  hours  in  an  incubating  oven  :  time  of  exposure  to 
the  action  of  the  acid  solution,  two  hours. 


Anthrax  ItacfUuH . . 
Diphtheria  bacillus 
OlandiTs  imcillus. . 
Tvphoiii  bacillus  . , 
Cholera  spirillum  . 


RMtraiiu 

Destroja 

deTelopment. 

rItaUtr. 

1:3400 

1:1100 

1  :3400 

l:70O 

1  :700 

1:200 

1 :2100 

1  :300 

1  :5500 

1  :1350 

Chromic  Acid. — In  Koch's  experiments  a  oue-per-cent  solution 
destroyed  anthrax  spores  in  from  one  to  two  days.  In  the  proj.xir- 
tion  of  1  : 5.000  it  prevents  the  development  of  putrefactive  bacteria 
(Miquel). 

Osniic  Acid. — A  solution  of  one  per  cent  kills  anthrax  spores  in 
twenty-four  hours  (K<»ch),  It  is  an  antiseptic  in  the  proportion  of 
1  :0,i3f;tj  (Miquel). 

Phosphoric  Arid. — Exposure  for  four  or  fi%"e  hours  to  a  solution 
12 
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containing  0.3  per  cent  destroys  the  typhoid  bacillus,  aiid  0.183  prt 
cent  the  chok'ia  spirilhim^Kitasato).  The  acid  used  contained  n.l.W 
gramme  H^Pt J,  in  one  cubic  centimetre. 

Acetic  Ac)\l.—A  five-per-cent  sulutiou  failed  to  kill  aathnx 
spores  after  five  days'  exjxisure  (Koch).  In  Abbott's  experimente 
glacial  acetic  acid  in  fifty-per-cent  solution  failed  in  tn-o  hours  to  kill 
anthrax  spores,  but  micrococci  were  killed  by  two  hours*  exp<jeure  to 
a  one-per-cent  solution.  A  solution  of  1  :  300  of  glacial  acetic  acid 
destroys  the  cholera  Bpirillum  in  half  an  hour  (Van  Ermengeuil.  In 
tho  proportion  of  O.'l^  per  cent  it  restrains  the  growth  of  the  typhoid 
bacillus,  and  0.3  per  cent  destroys  its  ^-itaUty  after  five  hours*  expo- 
sure ;  the  cholera  spirillum  fails  to  grow  in  presence  of  0. 13i  per  cent 
and  is  destroyed  by  0.^  per  cent  (Kitasato). 

Lactic  Acid. — The  bacillus  of  typhoid  fever  is  kille<I  in  five  btiun 
by  a  st)lution  containing  0.4  per  cent,  the  cholera  spirillum  by  i>.3  p«r 
cent  (Kitasato). 

Citric  Acid. — Tlie  bacillus  of  typhoid  fever  is  killed  in  five  haan 
by  0.43  per  cent,  the  cholera  spirillum  by  0.3  per  cent  (Kitaaato). 
The  cholera  spirillum  is  killed  in  half  an  hour  by  1  :  200  (Van  Er- 
mengem). 

Oxalic  Acid. — The  tj-phoid  bacillus  requires  a  solution  of  0,* 
per  cent,  the  cholera  spirillum  one  of  0.28  per  cent,  to  destroy  ritaKlT 
in  five  hours  (Kitasato). 

Bontcic  Acid. — In  the  writer's  experiments  (1883)  a  satoiaied 
solution  failed  to  kill  pus  cocci  in  two  hours.  A  five-per-oent  solu- 
tion failed  to  destroy  anthrax  spores  in  five  days  (Koch).  Tht 
typhoid  bacillus  is  killed  in  five  hours  hy 'i.7  percent,  tho  cboleA 
spirillum  by  1.5  per  cent  (Kitasato).  According  to  Arloing,  Con»- 
vin,  and  Thomas,  the  fresh  virus  of  syniptomatic  anthrax  rpquim 
exposure  to  a  twenty-per-cent  solution  fur  forty-eight  hours  fur  tJ» 
(lestructiou  of  vitality.  Boracic  acid  acta  as  an  antiseptic  in  the  flx^ 
portion  of  1  :  143  (Miquel). 

Salicylic  Acid. — In  the  writer's  experiments  this  agent  was  ife- 
solved  by  the  addition  of  sodium  biborate,  which  by  itself  lias  w 
germicidal  power.  A  two-per-cent  solution  vnxn  found  to  destroy  pv 
cocci  in  two  hours.  Dissolved  in  oil  or  in  alcohol  a  five-per-cent  9> 
lution  does  not  destroy'  anthrax  spores  (Koch).  Micr^>cocci  are  de- 
stroyed by  solutions  containing  1  :  4W  (Abbott).  The  t>i>hoid  bncillBft 
is  killed  in  five  hours  by  l.C  per  cent,  the  cholera  spirillum  by  1.3  p«r 
cent  (Kitasato).  A  one-per-ccnt  solution  destroys  Microcoocua  IW- 
teuri  in  half  an  hour  (Sternberg).  It  is  an  antiseptic  in  the  propor- 
tion of  1  : 1,000  (Micpiel).  A  solution  of  2.5  percent  killM  thetubettia 
bacilluB  in  six  hours  ( Yersin).  In  the  proportion  of  1  :  300  it  demtxon 
the  cholera  spirillum  in  half  an  hour  (Van  Ermengem). 
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Benzoic  Acfd. — According  to  Miquel,  this  acid  retrtrains  the  de- 
velopment of  putrefactive  bfxcteriu  when  present  in  bouillon  in  the 
proportion  of  1 :  909.  In  the  propurtion  of  1  : 3,000  it  retards  the  de- 
velopment of  anthrax  spures  (Kwh). 

Formic  Acid. — The  typhoid  Iiiwillus  is  restrained  in  its  growth  by 
0.25  per  cent,  and  is  killed  in  fivp  hours  by  0.35  per  cent,  the  cholera 
spirillum  by  0.23  per  cent  (Kitasiito), 

Tannic  Acid. — A  solution  of  one  per  cent  killa  Micrococcus  Pas- 
t-euri  in  the  bl<xxl  of  a  rabbit  in  half  an  hour  (Sternberg).  A  five- 
per-cent  solution  failed  in  ten  days  to  destmy  antlirax  spores  (Kot^h). 
A  twenty-per-cent  solution  failed  in  two  hi>nrs  to  destroy  the  vitality 
of  spores  of  the  anthrax  bacillua  or  of  Bacillus  subtilis  (Abbott). 
Micrococci  are  destroyed  by  1  : 4(>0,  and  1  :  SIM)  failed  (Ablxitt).  A 
twenty-jier-cent  solution  has  no  effect  up^jn  the  virus  of  syinptt^niatic 
anthrax  (Arloing,  Comevin,  and  Thomas).  A  solution  of  1,06  jier 
t*43nt  kills  the  tj^yhoid  iKwilhis  in  five  liours.  and  1.."}  |wr  cent  the 
cholera  bacillua  in  the  same  time  (Kitasato).  It  restrains  the  devel- 
opment of  putrefactive  bacteria  in  tlie  proportion  of  1  :  ^07  (Miquel). 

Tartaric  Acid. — A  twenty-per-cent  solution  of  this  acid  fails, 
after  two  hours'  exposure,  t«>  destroy  the  spores  of  BaciHus  aiithracis 
or  Bacillus  subtilis.  Micrococci  are  killed  by  two  hours'  exposure  in 
a  solution  contaiiung  i  :  400  (Abbott). 

Malic  Acid. — This  was  fouud  by  Kitasato  to  correspond  with 
citric  acid  in  its  germicidal  power. 

Valerianic  Acid. — A  five-per-cent  solution  in  ether  failed  in  five 
days  to  destroy  anthra.x  sjKJres  (Km-h). 

Oleic  Acid. — A  solution  of  five  percent  in  ether  does  not  destrtjy 
anthrax  spores  in  five  days  (Koch). 

Thymic  Acid, — In  the  proportion  of  1  :  5U0  tliis  ncid  prevents  tlie 
putrefactive  decom|>osition  of  Ixref  tea  (Mitjuel). 

Butyric  Acid. — Five  days"  immersion  in  tliis  acid  faile«l  t*i  de- 
stroy anthrax  spores  (Koch). 

Arsenious  Acid. — A  one-per-cent  solution  destroys  the  vit*vlity 
of  anthrax  spores  in  ten  days,  but  failed  to  do  so  in  six  days  (Kix'h). 
In  the  proportion  of  1  :  lOfJ  it  prevents  putrefactive  chiinges  in  bouillon 
(Miquel). 

Gallic  Acid. — Abbott  found  this  acid  to  destroy  the  bacteria  in 
broken-dowTi  beef  tea  in  the  proportion  of  2.;)7  per  cent,  but  it  failed 
to  destroy  anthrax  spores  in  two  hours  in  the  same  proportion.  Mi- 
crococci were  killed  in  two  hours  by  1  :  142,  while  I  :  3.50  failed. 

ALKALIES. 

Potassium  Uydrojcide,  KHO. — In  the  writer's  experiments  aten- 
per-cent  solution  of  caustic  potash  wa«  fatal  \n  pus  cocci,  anil  an 
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eight-per-cent  solution  failed — two  hmira'  exposure.  Exjxwure  f^ 
twenty-four  horn's  tti  a  ttni-iwr-feiit  solution  failed  to  kill  tlie  tube4TJ^ 
hacilhis  (Schill  and  Fischer).  A  soluticm  of  one  percent  kills  tl>r 
anthrax  bacillus,  the  bacillus  of  rothlauf,  and  several  others  (Jigerl 
The  addition  of  0. 14  per  cent  restrains  the  development  of  the  typhoid 
bacillus,  an<l  0.  tx  \yor  cent  kills  this  bacillus  in  fourorfive  hoiiiB;  the 
cliolera  spirillum  failed  to  grow  in  cultures  cuntainini^  0.  IS  per  ceai 
and  was  killed  hy  0.a.'}7  jwr  cent  in  the  sanie  time  (Kitasato). 

Sodhitn  Hii<lr(ij-i(lf,  NhHO. — The  exiieriments  of  Jaj^er  M}iii4 
Kitasato  hIiow  that  soda  has  atimit  the  same  germicidal  |K»wisr  H 
caustic  potasli.  Boer  obtained  the  following  results  with  bouiDon 
cultures  after  two  hours' exposure:  Anthrax  bacillus,  1  :  45(^  ;  dipb- 
theria  bacillus.  1  :  3iKi;  glanders  luicilluK,  I  :  150;  tj-phoid  baciUm. 
1  :lftOj  cholera  spirilhun.  I  :  ITiO.  In  about  one-half  the  amoam 
required  to  destroy  vittiHty  the  development  of  the  above-named  ime- 
teria  waa  prevented.  In  the  propuTtion  of  1  :  5(j  it  acts  aa  an  Mrti> 
septic  (Miqnel). 

A  III  moil  til,  NH.. — In  Kitasato 's  exiM>riments  the  typhoid  badDw 
vrsti  destroyed  in  five  hours  hy  (i.'>\  i»er  cent  of  NH,,  and  the  cfaolen 
s|>irillum  by  alt»mt  the  same  amount.  Boer  obtaine<l  the  f<41owiB[; 
ivHults,  the  time  of  exiMjisure  being  two  hours  :  Anthrax  bacdhv. 
i  ::JO0  ;  diphtheria  Iwicillus,  1  :  'i50  ;  glanders  iMicillus^  1  :  250  ;  ^phmi 
l>rtoillu3,  1  :2<Mt;  cholera  spirillum,  1  -.'.iM.  The  growth  of  the  aa- 
thrax  bacillus  and  of  the  diphtheria  bwillus  in  culture  solutions  wu 
pivvented  by  1  :  050. 

Calriuiii  Tfi/ifnuide.  Ca",'HO. — According  to  Kitasato.  thr  Ijr- 
plvtid  biu-illus  and  tlie  cholera  spirillum,  in  liouillon  culturvH,  uv 
killed  in  four  or  five  lumrs  by  the  addition  of  0. 1  per  cent  of  calciaiu 
oxide.  Lilwrius  had  pn^^-iously  reiw*rte<l  still  more  favorable  resulted 
but  his  Ixntdloii  cultures  were  largely  diluted  with  distilled  water. 
From  a  practical  [»oiut  of  \-iew  the  experiments  of  Pfuhl  are  moi* 
vnluable.  Calcium  hydrate  was  added  to  the  dejectiona  of  tjpbcid 
paticnta.  When  added  in  the  projH>rtion  of  three  per  cent  stertlbih 
tioi»  was  eflF«M.-te<l  in  six  hours,  and  by  six  per  cent  in  two  hoon. 
Wiien  milk  of  bine  containing  twenty  per  cent  of  calcium  hydndv 
wail  used  the  results  were  still  more  favorable,  the  t^fthuid  bacilliis 
nod  cholera,  spirillum  being  killed  in  one  hour  by  the  addition  of 
tw(»  per  cent  of  the  disinfectant.  The  ])rattical  vtilue  of  lime-wrMh 
Applied  to  walls  has  Ixx^n  determined  by  Jager.  Silk  threads  eoektd 
in  cultures  of  various  pathogenic  bacteria  were  attached  to  board* 
and  the  lime-wash  ap|)lied  with  a  camol's-hair  brush.  Anthrax  be- 
cilli  (without  H|Mires),  the  glanders  bacillus,  Htaphyhx'occus  pyogeno 
Hun^us,  an<l  several  other  ]>athogenic  bacteria  were  kille<I  by  a  singip 
application  after  twenty-four  hours,  but  the  tubercle  bucilloa  was  act 
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killed  by  three  successive  applications.  lu  the  writer's  experiments 
(1885)  the  typhoid  bacilliis  and  Staphylococcus  pyogenes  aureus  were 
killed  in  two  hours  by  a  solution  containing  1 :  40  of  calciiun  oxide, 
and  1 :  80  failed.  Spores  of  the  anthrax  bacillus  and  of  several  other 
spore-forming  species  were  not  killed  by  two  hours'  exposure  to  a 
milk  of  lime  containing  twenty  per  cent  of  calcium  oxide. 

Potash  Soap  has  been  shown  by  Jolles  (1896)  to  have  considerable 
germicidal  value.  In  experiments  with  a  soap  coataining  67.44 
per  cent  of  fat  acids,  10.4  per  cent  of  combined  alkali,  and  0.041 
per  cent  of  free  alkali,  the  following  results  were  obtained :  The 
typhoid  bacillus  was  destroyed  at  18°  C.  by  a  one-per-cent  solution 
in  twenty -four  hours;  by  a  six-per-cent  solution  in  thirty  minutes. 
The  Bacillus  coll  communis  required  somewhat  stronger  solutions  or 
longer  exposure — eight-per-cent  solution  required  thirty  minutes. 
These  experiments  show  that  scrubbing  with  soap  and  water  is  a 
reliable  method  of  disinfecting  surfaces.  Solutions  of  potash — com- 
mon lye — or  of  soda  also  are  useful  for  certain  purpose  in  domes- 
tic disinfection,  and  scientific  researches  justify  the  continued  use  of 
the  cleansing  methods  which  have  heretofore  been  in  use  by  careful 
housewives. 
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While  Bome  of  the  metallic  Baits,  and  especially  those  of  mw- 
cury,  silver,  and  gold,  have  remarkable  germicidal   power,  othoK 
oven  in  concentrated  sulutions,  do  not  destroy  the  Nntality  of  bacirai 
ex|K)8ed  to  their  action.     For  convenience  of  reference  -we  shall  coo- 
sider  the  agents  in  tliis  group  in  alphabetical  order,  but  first  we  gitv 
Miquel'a  tabloa  of  antiseptic  value-     This  author  ret^og-nizes  the  im- 
jHjrtance  of  experiments  to  detonnine  the  restraining  power  of  cfaen- 
ical  agents  for  various  species  of  {mthogenic  bacteria,  but  says  :  "A* 
to  me,  faithful  to  a  plan  I  adojjted  at  the  outset,  I  will  treat  the  «ib- 
ject  in  a  m.ore  general  manner  by  making  known  siniplv  the  nuai- 
mum  weight  of  the  substHtices  capable  of  preventing  the  evolntioa  o< 
any  bacjteria  or  germs.     The  mt>thod  adopted  is  ver>-  simple.     To* 
lit|uid  always  com]>arable  to  itself  it  is  8utHcient  at  first  to  add  a 
known  weight  of  the  antineptic  and  some  atmospheric  jjerms  or  adah 
bacteria,  and  to  vary  the  quantity  uf  the  antiseptic  iiiitil  the  amoaa: 
is  ascertained  which  will  preserve  indefinitely  the  liquid  from  pativ- 
faction.     In  order  to  obtain  gonna  of  all  kinds  in  a  dry  state  itsof- 
fioee  to  take  tlu'm,  where  they  are  most  abundant,  in  the  dust  cwi- 
lected  in  the  interior  of  houses  or  of  hospittds;  and  to  procure  « 
variety  of  aclidt  bacteria  we  may  take  the  water  of  aewers." 


SUBSTANOES   KMINENTLV   ANTJSEPTIO. 


Mercuric  iodide, 
Silver  iodide, 
Hydro^ti  pt-roxidi', 
Mercuric  cnloride, 
Silver  nitrate, 


Sl'BSTANCKH   VERY   STRONQLY   ANTISEPTTO, 


Osmic  acid, 

Chronuc  acid. 

Chlorine, 

Iodine, 

Cliloride  of  fold,  . 

Bichloride  of  plalinuiu, 

Hydrocyauic  acid. 
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Bromine, 

. 

. 

.       1: 

1666 

Cupric  chloride,   .                                   .           .                        1: 

1428 

Thymol, 1: 

1340 

Cupric  siilphate,  .            .                                   .            .            1: 

1111 

Salicylic  acid,                         .            ,            .            .           .1: 

1000 

8UB8TANCB8  STSONaLY  ANTISBPTIC. 

Benzoic  acid,         .                                   .                                    1:909 

Potassium  bichromate, 

1 

909 

Potassium  cyanide. 

1 

909 

Aluminum  chloride, 

1 

714 

Ammonia, 

1 

714 

Zinc  chloride, 

1 

626 

Mineral  acids. 

1:500  tol 

333 

Thymic  acid,  . 

.            .1 

500 

Lead  chloride, 

1 

500 

Nitrute  of  colmU, 

1 

476 

Sulphate  of  nickel. 

1 

400 

Nitrate  of  uranium,    . 

1 

356 

Carbolic  acid. 

1 

333 

Potassium  permaiigaimte,     . 

•                        •             1 

285 

Lead  nitrate, 

1 

277 

Alum,  .... 

1 

:2S3 

Tannin,     . 

1 

:207 

SUBSTANOBS  HODBRATKLY  ANTISBPTIC. 

Bromhydrate  of  quinine,      .            .            .            .           .      1 :  182 

Arsenious  acid,     .                                   .            .            .            1 

166 

Boracic  acid,  .......      1 

143 

Sulphate  of  strychnia,     .....            1 

:143 

Arsenite  of  soda,                                .                        .            .1 

111 

Hydrate  of  chloral,          .....            1 

107 

Salicylate  of  soda,      .                                   .                       .1 

100 

Ferrous  sulphate,             .....            1 

90 

Caustic  soda,  .            .            .            .            .            .            .1 

56 

SUB8TAN0K8  FRBBLY  ANTISBPTIC. 

Perchloride  of  manganese,                                                         1 :  40 

Calcium  chloride,      .                        .            .                       .1 

25 

Sodium  borate,     ......            1 

14 

Muriate  of  morphia,  .                                                           ,1 

13 

Strontium  chloride,         .....            1 

12 

Lithium  chloride,                                                                  .1 

11 

Barium  chloride,  ......            1 

10 

Alcohol,           .                       .            .                       .            .1 

10 

SUBSTANCBS  VBRY  FBBBLY  ANTISBPTIC. 

Ammonium  chloride,    ,  .                       .                                    1:9 

Potassium  arsenite,    .    *        .            .            .            .           .1 

8 

Potassium  iodide,             .....            1 

7 

Sodium  chloride,        ,            .            ,            .            .            .1 

6 

Glycerin  (sp,  gr.  1.25),    .....             1 

4 

Ammonium  sulphate,            .            .            .            .            .1 

4 

Sodium  hTPosulphite.     . 

1 

3 
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ANTISEPTIf  AND  (JEKMICIIiAL  VALUE  OF   VARIOUS  SALT*.. 
ARRANGED   ALPHABETICALLY. 

Alum. — Autineptic  in  the  proportion  of  1  :  222  (Miquel). 

Aluminum  Acetate. — According  to  De  la  Croix,  this  salt  i*  sji 
antiseptic  in  the  proportion  of  1  :  G,310.  Kuhn  found  it  to  be  anti- 
septic  in  1  : 5,230. 

Aluminnin  Chloride. — Antiseptic  in  thu  prt;)portion  of  1  :',H 
(Miquel). 

Amittoui'iiH  ('(trhouate. — When  preswit  in  tlu»  ]>r<>portkm  •/ 
1  :  125  it  rostrains  the  development  of  typhoid  bacilli,  aud  in  fiw 
hours'  time  it  kills  these  bacilli  in  the  proix>rtion  of  1  :100:  the 
cholera  spirilhuii  is  killed  in  the  same  time  by  1  :  77  (Kitaaato). 

AiHinouium  Clduride. — Antiseptic  in  the  proportion  of  1  :• 
(Miqupl).  A  five-jMjr-cent  solution  does  not  kill  anthrax  spon«  in 
twenty -five  day«  (K<x"h). 

Ammonium  FlnttHilivate. — The  litvcillus  of  anthrax  iind  of  ty- 
phoid fpver  fail  to  grow  in  nutrient  gelatin  containing  1  :  1,000.  aod 
a  two-jier-cent  solution  kills  anthrax  wpores  in  one-([uart©r  to  thn^ 
cjuarter-s  of  an  luair  (Faktt)r). 

Ammonium  Hnlphate. — Antiseptic  in  the  proportion  of  1:4 
(Mi<iuel).  A  five-jjer-cent  solution  failed  in  two  days  to  kill  an- 
thrax HjK)res,  but  was  effective  in  five  days  (Koch). 

Barium  Chloride  is  an  antiseptic  in  the  proportion  of  l:W 
(Miquel). 

Calcinm.  Chloride  is  an  antiseptic  in  the  prv>portion  oi  1:9) 
(Miquel).  A  saturated  solution  does  not  destroy  anthrax  spom 
(Kooh). 

Calcium  Hypochlorite. — This  is  a  powerful  germicidal  a^^nM 
and  has  great  value  as  a  practical  disinfectant.  Good  chLiridv  U 
lime  contains  from  twenty-five  to  thirty  per  cent  of  available  chlo- 
rine as  hj-pochlorite.  The  ex  fieri  merits  made  by  the  CommtttBe  <« 
Disinfectants  of  the  American  Public  Health  Association  in  1(18$ 
showed  that  a  solution  containing  0.25  per  cent  of  chlorine  as  byp> 
chlorite  is  an  eflfective  germicide,  even  when  allowed  to  att  only 
for  one  or  two  minutes.  lu  Bolton's  experiments  a  solution  of  chli'- 
ride  of  Hme  of  t  ;2,0i.>0  (available  chlorine  0.(11.5)  deetroye^l  the  ty- 
phoid bacillus  and  the  cholera  spirillum  in  two  hours.  For  thr  de- 
struction of  anthrax  sp)ores  a  one-per-ceut  solution  was  re<qiiij«rf 
(available  chlorine  0.3  per  cent).  Nisaen  found  that  the  trpboid 
liacillurt  and  tho  cholera  spirillum  are  destroyed  with  certainty  in 
five  minutes  by  a  8«jlution  contjumng  0.12  per  cent,  anthrax  banlfi 
in  one  minute  by  0. 1  per  cent,  Staphylococcus  pyogenes  aum»  ia 
one  minute  by  0.2  per  cent,  anthrax  spores  in  thirty  ininutce  by  a 
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five-per-ceut  solution  and  in  seventy  minutes  by  n  ono-per-cent  dilu- 
tion. Experiineuts  made  by  tho  same  author  uptm  the  stt'rilizatii»» 
of  fiBoes  Kliowed  tliat  0.5  per  cent  to  one  per  cent  could  l>e  relied  upon 
to  destroy  tho  typhoid  bacillus  or  the  cholera  spirillum  in  fawew  in 
ten  minute!^. 

ChloiftI  Hydraii'. — Antiseptic  in  the  propuition  of  1  ;  107  (Mi- 
quel).  A  twenty-per-eent  solution  destroys  pus  eocei  in  two  hours 
(Sternberg). 

Cupriv  ('hloriile, — Antiseptic  in  the  proportion  of  1  •  1,4*-J8 
(Miijuel), 

Ciipric  Snijfliatt^ — Antiseptic  in  the  j)roiH>rtion  of  I  ;I11  (Mi- 
quel).  Kills  the  cliolera  spirillum  in  the  jiruportion  of  i  :  3,UCM)  in 
ten  niiuiitcs  (Nicati  and  Rietsch).  Destroys  the  cholera  spirillum  in 
iKHiillon  cultures  in  less  than  half  an  hour  in  1  :fl(K),  and  in  fi>ur 
hours  in  1  :  1,000;  cidtures  in  Vjlmid  serum  ]vi|uire  1  :  "iOO  (Van  Et- 
mengem).  A  soUitioji  of  1  :  20  kills  the  typhoid  haciUus  in  ten  min- 
utes (Leitz).  This  salt  failed,  in  the  writer's  exjH.n'inieiits,  to  kill  the 
spores  of  Bacillus  antliracis  anil  Bacillus  subtilis  in  two  hours'  time 
in  a  twenty -|»er-cent  suhition.  In  K'K'h's  experinieuts  a  five-jx'r-cent 
solution  failed  to  kill  anthrax  spores  in  ten  days.  Kills  pus  micro- 
cocci in  two  hours  in  the  proportion  of  t  :  20<)  (8ternl>erg).  In  Bol- 
ton's exjjeri  men  ts  luade  fur  the  Committee  nu  Disinfertauts  of  the 
American  Puhhc  Health  Assticiution  the  following  results  were  ol>- 
tained:  Recent  cultures  in  Ix^uillon,  time  of  exix)sure  two  hours  :  Ba- 
cillus of  typhoid  fever,  1  :  'KHi;  cholera  spirillum,  1  :  "lOO;  Bacillus  pyo- 
cyanus,  I  :'iO0;  Brieger's  bacillus,  1  riOO;  Emmeri<'li's  bacillus,  1  :  •JCN); 
StiiphyKjcoccus  pyogenes  aureus,  I  :  HHI;  StapliyhK'occus  pyt)genes 
citreus,  I  :IW\  Staphylococcus  pyogenes  albus.  1  :  "iOD;  Streptoco«'cu8 
pyogenes,  1  :  .'>0U.  When  ten  jjer  cent  of  dried  egg  albumin  wa,s 
added  to  a  recent  culture  in  bouillon  of  the  typhoid  bacillus  tho 
amount  re<juired  to  insure  Bteriliz}iti<^n  was  1  :  10. 

In  the  i-ejMjrt  of  the  Committee  on  Disinfectant.s  of  tlie  American 
Public  Health  Association  this  agent  is  recnmmended  in  "a  solu- 
tion of  two  to  five  i>er  cent  for  the  destruction  of  infectious  material 
not  containitiff  spores."  The  expi'ri mental  data  above  given  show 
that  this  is  a  liberal  Hllovvance  for  material  which  d«jes  not  contain 
an  excessive  amount  of  albumin.  In  the  exiH'riments  of  Leitz  the 
typhoid  biuillus  iu  cultures  was  destroyed  in  ten  minutes  by  a  five- 
j)er-cent  solution. 

Ferric  CliUnide. — A  five-per-cent  solution  failetl  in  two  days  to 
destroy  anthrax  spores,  but  was  effective  iii  five  days  (Koch). 

Ferrous  Hnlphate. — In  the  writer's  experinuMits  (188:))  a  sohition 
of  twentj'  j>er  cent  failed  to  destroy  micrococci  ami  putrefactive  l)fu.'- 
teria.     In  a  more  recent  experiment  ten  per  cent  failed  to  kill  pus 
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imnuifl 


<H>cci,  but  wa8  fatal  to  Micrococcus  tetragenus — two  hours'  ea 
Koch  found  that  a  five-per-ceut  solution  failed  to  destroy  anthru 
spores  in  six  days.  Exposure  to  a  twentj'-per-cent  solution  for  for 
eight  hours  does  not  destroy  the  \nru8  of  sjTuptomatic  anthrax  (A 
loiug,  Cornevin,  and  Thomas).  In  the  experiments  of  Jager  ; 
Bion  in  a  solution  of  1  -.'■i  destroyed  the  infective  virulence  of  ceruii' 
pathogenic  bacteria  (fowl  cholera,  rothlaiif,  glanders),  as  tested  Iw 
injeetion  int*)  nuice,  hut  failed  to  kill  anthrax  s{Kjre8  and  tubercle  ba- 
cilli. The  antiseptic  power  of  ferrous  sulphate  is  phu::ed  by  Miqad 
at  1  :  iK>.  In  the  writer's  experiments  1  :  200  prevented  the  devekip- 
inent  of  micrococci  and  af  putrefactive  bacteria  in  bouillon  pUc«>d 
in  the  incubating  oven  for  forty-eight  hours.  Leitz  found  that  a 
Kve-per-cent  solution  required  three  days*  exposure  for  the  destrac- 
tiou  of  the  typhoid  bacillus. 

irokl  Cfiioiide. — Antiseptic  in  the  proportion  of  1  :  4,00U  (MiqucJ). 
Boer  has  made  extended  experiments  tvith  the  chloride  of  gold  and 
.sodium.  We  give  his  results  below.  In  his  disinfection  exp«»n- 
nieuts  a  bouillon  ridture  which  luul  been  in  the  inciiliatiu^  oven  Ut 
twenty-four  hours  was  used,  and  the  time  of  exposure  was  two  horn 


Antlirux  bacillus  . 
DipIitherJa  bacillus 
Ulanders  bacillus  . 
Tvpliuid  bacitlua.. 
Cholera  apirilturo.. 


Rpatralns 
(IrTelopmif  nl . 


1:40000 
1:40000 
1:15000 
1:80000 
1:25000 


riulnr. 


1  :8000 
1  :IO00 
1  :400 
t:SOO 
1  :I0OO 


tiead  Chlornlf. — Antiseptic  in  the  projx>rtion  of  1  :500  (Mk|iiel)k| 
Lead  Nitrate.  — Antiseptic  in  the  proportion  of  1  :  277  (MMiodV 
Lithium   Chforiiff. — Antiseptic  in  the  proportion  of  I  :1I  (M>- 
qnel). 

Mangmiese  I'ntforhlnride. — Antiseptic  in  the  proportion  of  l:4ft| 
(Miquel). 

Merrtiriv  Chloride. — Koch's  experiments  (1881)  gave  the  follo«-j 
ing  results  :  A  solution  of  1  : 1,0(X)  destroys  anthrax  spores  in  a  {rw\ 
minutes,  and  1  :  10, (MM)  is  effective  after  a  more  prolonged  expntmn'. 
The  writer  (1SS4)  tibtuined  similar  results — 1  :  lO.OtiO  destroyed  ti*] 
spores  of  Bacillus  anthracis  and  of  Bacillus  subtilis  in  tw*)  hoan. 
More  rei-ent  exjMU-imcnfs  indicate  ilmt  failure  to  grow  in  culture  bo- 
lutions  cannot  Ihj  accepted  as  evidence  of  the  destruction  of  ritalitj 
in  the  case  of  spores  exposed  to  the  action  of  this  agent,  unksM  da 
precautions  an-  taken  to  exclude  the  rt>straining  influence  of 
amount  of  mercuric  chloride  which  remains  atta<'hetl  tu  the 
Koch  had  aMvrtained  that  tbc  development  of  spores  is  reMtruiDedl 
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the  preaenoe  of  1  :  300,000  iu  a  cultiirt'  niediuiu,  and  Geppert  has  re- 
cently fthiAvu  that  even  so  small  an  amount  as  1  :  •J.OOO.OUO  will  pre- 
vent the  development  of  siwtres  the  vitality  of  which  has  been  reduced 
Ly  the  actiuu  of  a  strong  sohitiuii  ( I  :  IJHX)).  When  this  restraining 
action  is  entirely  neutralized  by  wa.shinK  tlie  spores  in  a  solntion  con- 
taining amniouiuni  sulphide  it  requires,  m-eording  to  (Jepp>ert.  a  solu- 
tion of  1;1,(>()0  acting  for  one  hour  to  completely  destroy  the  vitality 
of  anthrax  spores.  Friiukel  found  that  a  solution  of  1  :1.0<M3  was 
effective  in  half  an  hour.  The  typhoid  l>acillus.  the  bacillus  of  mouse 
Hepticfemia,  and  the  cholera  spirillum,  iu  bouillon  cultutvs  and  in 
•cultures  iu  Hesb-iieptone-gelatin,  are  destroyed  iu  two  hours  Lj- 
1  :  10,OC>0  :  but  in  a  Ixiuillon  culture  to  which  ten  j>er  cent  of  dried 
egg  albumin  won  atlded  a  tine-jicr-cent  solution  was  reijuired  to  de- 
Btroy  the  typhoid  bai-illus  in  the  same  titike  (Bolton).  According  to 
Van  Ermengem,  cultures  of  thecholera  sjiirilluiuin  iHiuillon  are  steril- 
ized in  half  an  hour  by  1  :  yo.iMH).  but  cultures  in  blood  S4>nun  require 
1  :  SOD  to  1  :  1,(J00.  In  e.xperiiueiits  ii{k«i  tulK-rculons  sputum  ScUill 
and  Fischer  found  that  exiwisure  of  fresh  sputum  to  an  ecjual  amount 
of  a  1  : 2,00U  solution  for  twenty-four  hourt*  failed  to  disinfect  it,  as 
shown  by  inoculatit>n  exjjeriments  in  guinea-pigs.  The  antiseptic, 
power  of  mercuric  chloride  is  given  by  Miipiel  as  l:14,:{(Hi.  In  the 
Avriter's  experiments  1  :  33,000  was  found  to  pi-event  the  development 
of  putrefactive  liacteria  in  bouillon,  but  a  minute  bacillus  contained  in 
broken-down  beef  infusion  midtiplied,  after  several  da>s,  in  1  :'3i>,0tM». 
The  pus  cocci  were  restrained  in  their  development  by  1  :  30,000. 

In  Behring's  ex}teriments  the  anthrax  biu-illus  and  cholersi  spiril- 
lum were  killed  in  one  jjour  by  I  :JO(i,(N)0  when  the  teniix^rature 
Avas  3<!°  C.  but  at  a  temperatuiv  of  3^  C.  the  proportion  requiix^d 
was  1:25, 0(H).  The  same  author  states  that  at  '^2"  C.  Staphylo- 
coccus aureus  in  bouillon  is  not  always  killed  in  twenty -five  minutes 
by  1  : 1,000. 

In  a  recent  series  (18'JI)  of  exjieriments  Abbott  hiis  shown  that  a 
1  : 1,000  solutitm  d«)es  not  always  de.stroy  Staphylococcus  pyogenes 
aureus  in  five  luiniites.  He  says:  "FrtHpiently  all  the  organisms 
>vould  l>e  destroyed  after  five  minutt-s'  exposure,  but  almost  as  often 
a  certain  few  would  resist  for  that  length  of  time,  and  even  longer, 
going  in  some  cases  to  ten,  twenty,  and  even  thirty  minutes." 

According  to  Yeixin,  a  sohitioii  <>f  [  :  I.orKikills  the  tub*'rcle  bacil- 
lus in  one  minute. 

We  might  add  conHi<lerably  to  the  experimental  data  given,  liut 
the  results  already  recorded  are  sut^cinnt  to  show  the  value  of  tliis 
agent  as  an  antiseptic  and  germicide,  and  justify  its  use  for  general 
purjxises  of  disinfection  in  the  proportion  of  1  :  aOO  or  I  :  1.000  fur 
material  containing   spores,    and   in    the   proptjrtion  of   I  :  tJjMMJ    to 
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1  :  h^WO  for  pathogenic  baoteria  in  the  absence  of  aporee;  due  regard 
\Him^  had  to  the  fact  that  the  pretjence  of  Hlbuniiu  ver>'  materiaUy 
rwluces  its  genniridal  ]»<»teiu\v.  and  tliat  it  may  bi*  ileci imposed  &im1 
neutraHzed  by  Hlkahi\s  antl  ttieir  carhonHtes,  by  hydrosulphiiric  a«id, 
and  by  many  otlier  wulistances. 

The  albnuiiiiato  of  luercury.  as  has  been  8ho\vn  by  Lister,  is 
ble  in  an  excess  of  albnmin,  and,  according  to  Behring.  is  just 
effective  as  an  atjueons  sulution  containing  the  stiuie  amount  of  fftb- 
liniate  when  <lisM>lvi'd  in  an  albinninuus  hijnid  !iku  bbxMl  Herura  (?). 

Ill  ])rafti<'e  the  addition  of  a  mineral  acid  to  sublimate  solutinoa, 
or  (if  Kodinni,  puta.ssiutn.  or  anuuonium  chloride,  is  to  be  re«>«B- 
mended,  to  piwent  the  precipitation  of  the  mernirir  flib)ride  In*  •!♦ 
bumiii  in  fluids  containing  it.  Behriug  recommends  th«  additko 
of  live  parts  of  sodium  or  potassinm  chloride  to  one  of  the  saUi- 
mate.  Such  a  sohitiun  is  more  stfihle  than  a  wimple  solutiou  ofaab- 
limate,  and  no  precipitate  is  formed  by  the  addition  of  alkalies  or  bf 
albnmin. 

Thu  same  result  is  obtained,  according  to  La  Phwe,  by  the  a«M^ 
tion  of  tive  parts  of  hydrochloric  or  tartaric  acid  to  one  part  of 
.  limate  in  a(iue<ni8  sohition, 

Mfi-cfirtc  Cycuitlc,  Hg(CN)j.  and  the  Oxycyanide  of  nu»itmiT 
have  been  tested,  with  the  following  residts  :  Staphylococcus  Murvo* 
is  destroyed  in  tive  minutes  by  1  :  UH),  in  one  hour  by  1  :  l.OOO^j 
two  hours  by  1  :  l..i<)<»  (Chibret).  The  development  of  B^tcillos 
thnicis  in  culture  solutions  is  jirevented  hy  the  pn\st^u«x>  of  cyi 
of  mercury  in  the  proportion  of  1  :  "i5,LMX),  and  by  the  oxycyanide  1 
1  :  Hi.mX)  (Behring). 

Boer  obtiiined  the  following  results  with  tlu-  oxycyanide — nil- 
tnres  in  bouillon,  twenty-four  hours  in  incubating  oven.  tim«*  of 
ex|KJsure  two  hours  : 


AoUirax  bttcillus. . 
Diphtheria  bacillus 
Glanders  bacillus. . 
TvphoJ<l  bacillus.. 
Cholen  spirillum. . 


ReatraiDt^ 
ilevelopmeot. 

'sr 

I  :80(K)0 
1:S0000 
1:60000 
1:60000 
1:00000 

1:40001  i 
1:40001  1 

litOOOol 
1:00800  1 

Mercuric  JutHde. — The  antiseptic  value  of  this  .salt  is  placed  by 
Miquel  at  1  :  -tO.WH),  which  is  more  than  double  that  given  by  lh» 
same  author  to  the  bichloride.  In  tlw^  writer's  exp»'rimeut«  upon  U» 
antiseptic  value  of  salt,s  and  oxides  of  mercury  the  follnwitii:  r»-s 
were  obtHine<l  : 


ACTION'   e>F  SALTS. 


189 


rtiniodide  of  mercury- 
Bichloride  

Protiodide 

Yellow  oside 

Ulkck  oxide 


1  :20000 
1  : 15000 
I  :  10000 
I  :1U0() 
1  :  500 


F«<M. 


1  : 40000 
1  -2O0O0 
I    3O0OO 
)  .&000 
11000 


yforpfu'a  Hffffnu-liloritte. — Aiitis^prii-  in  the  proymrtion  of  1  :  i:$ 
(Miguel). 

Nickel  SttZ/i/fff/f, — Antiseptic  in  tlin  jiroixtrtioiv  uf  1:400  (Mi- 
«|uel). 

Platinum  Bichloride. — Antiseptic  iti  the  pro|>ortioii  of  1  :  'i.XMi 
(Mifiuel). 

P(>tas.sitiiit  Acftnte. — A^  saturated  sohititin  of  tliin  salt  fa!hj<l  to 
kill  anthrjix  spores  in  ten  days  (K»X'h). 

Potassium  Ar,senite. — In  the  writer's  exi»erin»ents  Fowler's  hoUi- 
tion  failed  to  kill  micrococci  in  two  hours  in  the  projwurtitni  of  four 
percent.  Mi«niet  jihices  the  antiseptic  vahie  of  potassium  ai-senite 
at  1  : 8. 

Potaanimii  Bivhroiiiafe. — A  five-per-cent  Hohitioii  failed  in  two 
days  to  destroy  anthrax  sjxyres  (Koch).  Efficient  as  an  antiseptic  in 
the  proportion  of  1  :WK*  (Micpiel), 

Putassium  Bromi<h\ — Tlie  bHCtUus  of  typhoid  fe%'er  and  tlie 
cholera  spirillum  fail  to  ^frow  in  culture  soIution.s  contaiuiiigr  9  to 
lO.C  per  cent,  and  are  killed  in  four  or  tivc  hours  hy  ten  to  twelve 
per  cent  (Kitasato). 

Potasfiiuin  Carbonate. — The  development  of  the  typhoid  hacil- 
loa  and  of  the  cholera  spirillum  is  prevented  liy  0.74  to  O.Hl  per 
cent,  and  these  bacteria  are  killed  in  five  liours  hy  I  jK^r  cent  (Kita- 
sato). 

Potassium  Chlomte. — In  the  writer's  exiR'riinents  a  four-per- 
cent solution  failed  in  two  hours  t<<  kill  Micrix-<H-cns  Pasteuri.  A 
five-per-cent  solution  failed  in  six  days  to  ilestroy  anthrax  spiores 
(Koch). 

Potassium  Chromate. — A  five-per-cent  solutii^i  failed  ti>  kill 
anthrax  spfires  in  five  dayn  (Rtx-h). 

Potassium  Ciffintdi'. — Antiseptic  in  the  prtiportion  of  1  i  U09 
(Miquel). 

Pufa.'fsium  Iodide. — A  srilution  of  iivo  per  cent  does  not  destroy 
anthrax  sjKires  in  eighty  da_v.s  (Koch).  Putrefactive  bacteria  in 
broken-down  l>eef  infusion  are  not  destroyed  by  two  liours'  ox]KJSure 
in  a  twenty-per-cent  solution  (Stendjerg).  The  typhoid  bacillus  and 
the  cholera  spirillum  do  not  jjrow  in  cultxire  solutions  tontaininj^ 
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eight  per  cent,  ami  ari'  destroyed  hy  five  hourn'  exposure  to  9.  !KJ  [*r 
cent  (Kitasat^).     Antiseptic  in  the  proiK»rtion  <>f  1  :  7  (Miquel). 

PotaifsiurH  Permaiujanatv. — Tn  the  A%'riter"«  exiieriments  (18«l> 
a  two-per-cent  solution  wtia  retjuired  to  destroy  Microctxx'US  Pasteoh 
in  the  blood  of  a  rabbit.  In  later  experiments  pus  cocci  in  botuDoB 
were  killed  by  1  :  h:IH — time  of  t-x]M»sure  two  hours.  One  per  pent 
was  found  by  Koch  not  to  (Ifstrny  anthrax  sp<^>re8  in  two  days,  bat 
five  per  cent  was  effective  in  one  day.  The  glanders  bacillus  is  de- 
stroyed in  two  minutes  by  a  une-per-cent  solution  (Loffler).  TV 
experiments  of  Jiiger  show  that  a  one-jjer-cent  Holuti<in  is  not  ff4i- 
able  for  the  destruction  of  anthrax  bacilli  and  other  pnth<,)genic  bac- 
teria tested,  but  a  five-per-cent  solution  was  efft»ctive.  The  tubercfat 
l)acillu8  was  not,  however,  killed  by  exposiu^  in  a  five-per-cent  solu- 
tion. According  to  Miquel.  j>ermanganate  of  potash  i.s  an  antiaeptic 
in  the  proportion  of  1  :  285. 

Quinine  H yd nthr ornate. — Antiseptic  in  the  proportion  of  I  :  IM 
(Miquel). 

Quinine  Htjdrochlorafe. — Antiseptic  in  the  proportion  of  1  :9O0 
{Ceri).  Quinine  dissolved  with  hydnwhloric  acid  destroys  anthrax 
spores  in  ten  days  in  one-per-cent  solution  (K«x?h). 

Quinine  Sitlphtife. — The  writer  found  that  in  the  proportiua  of 
1  : 8(K)  <]uinine  prevents  the  development  of  various  micrococci  aod 
bacilli.  A  teii-pt^r-cent  solution  does  not  destroy  the  bacilli  of  (rymp- 
t^wnatic  anthni.x  (Arloing,  Corne\iii,  and  Thomas). 

Silver  Nitrate. — Miquel  places  nitrate  of  silver  next  to  mercurir 
chloride  as  an  antiseptic,  effective  in  the  proportion*  of  1  :li,i 
Beliring  also  places  it  next  to  bichloride  as  an  antiseptic  and 
cide,  and  says  that  it  is  even  superior  to  this  salt  in  albununow 
fluids.  He  Tejiorts  that  it  prevents  the  development  of  antfanx 
sp<jri's  when  present  in  a  culture  li(|uid  in  tho  proportion  of  1 :  80,(1001 
and  in  the  proportion  of  1  :  lU.tKK)  destroys  these  spores  in  fortr- 
eight  hours.  We  give  below  the  result  of  recent  ex}>erimcnt«i  br 
Boer,  in  which  the  time  of  exposure  was  two  hours : 


Anthrax  tiocillus. . 
Diphtheria  biirlliua 
Glttiidcrs  lia<illu8  . 
Typhoid  bac-illuB. , 
Choierm  >ptriliuiii.. 


1:00000 
I  :7S000 
1:SOUOO 
1:00000 


i:saoo 

1:40« 


Silver  Chloride, — A  solution  of  chloride  of  silver  in  hypoeolpfaiM 
of  soda  is  much  less  effective  as  an  antiseptic  than  nitrate  of  f^rer. 
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Behring  found  that  to  prevent  the  development  of  anthrax  spores  a 
solution  of  I  :  S.IXM)  was  reciuired. 

Sofliuin  Borate.— In  the  writer's  exi)erinients  a  saturated  sohi- 
tion  of  borax  was  found  to  be  without  gennicidal  jxtwor.  A  twenty- 
per-oent  Hohition  dnes  not  destroy  the  virus  of  symptomatic  anthrax 
(Arloing,  Conievin,  and  Thoniaa).  A  five-per-cent  solution  faiknl 
to  destroy  anthrax  spores  in  liftwn  days  (Koch).  Antiseptic  in  tlie 
proportion  of  1  :  U  (Jliquel). 

SoiHtiiii  Cfirhoiiufe. — A  sohition  of  :i,'2  per  cent  restrains  the 
growth  of  the  typlioid  Vjacillus,  and  of  iA7  p«'r  cent  of  the  cholera 
spirillum.  The  first-named  bacillus  is  killed  by  four  or  five  hours' 
exposure  in  a  2. 47-pGr-cent  solution,  and  the  cholera  spirillum  by 
3.45  per  cent  (Kitasato). 

Sodium  Chloride. — A  naturated  solution  failed  in  forty-eight 
hours  to  dentroy  the  vinm  of  symptomatic  anthrax  (Arloing,  Come- 
vin.  and  Thomas).  A  saturate<l  solution  failed  in  forty  days  to  de- 
stroy anthrax  sf>ores{Ktx^h).  A  saturated  tjolution  faile<l  in  twenty 
hours  to  destroy  the  tubercle  bacillus  in  fresh  sputum  (Schill  an<l 
Fischer).  In  the  writer's  experiments  a  five-per-cent  solution  failed 
to  kill  Micrococcus  Pasteuri  in  blood.  Antiseptic  in  the  proportion 
of  1  ;  (»  (Miquel).  According  to  Forster,  the  bacillus  of  typhoid 
fever,  the  t>acillus  ()f  rouget,  and  the  streptococcus  of  pus  are  not 
killed  by  several  weeks'  exjHisure  in  strong  solutions  of  sodium  chlo- 
ride, but  the  cholera  spirillum  is  destroyed  in  a  few  hours.  Cultures 
of  the  tubercle  bacillus  are  not  sterilized  in  two  months  by  a  satu- 
rated solution.;  and  tutercuhius  organs  from  an  ox,  preserved  in  a 
solution  of  salt,  did  not  lose  their  power  of  infecting  susceptible  ani- 
mals inoculated  with  material  from  the  diseased  tissue.  The  flesh 
of  swine  which  died  of  rothlauf  was  f()und  by  Petri  to  still  contain 
the  bacillus  in  a  li\'ing  condition  after  having  been  preserved  iu 
brine  for  a  month. 

Sodium  Hyposulph  if e.  ^In  the  writer's  experiments  a  saturated 
solution  failed  in  two  hours  to  kill  micrococci  and  bacilli.  Exposure 
for  forty-eight  hours  to  a  fifty-per-cent  .solution  does  not  destroy  the 
virus  of  symptomatic  anthrax  {Arloing,  Cornevin,  and  Thomas). 
Antiseptic  in  the  propc^rtion  of  1  :  3  (Miquel). 

Sodium  Sitlphite.—The  results  with  a  saturated  solution  of  this 
salt  were,  in  the  writer's  experiments,  entirely  negative. 

Tin  Chloride. — A  one-per-cent  solution  acting  for  two  hours  de- 
stroyed the  bacteria  in  putrefying  bouillon,  while  O.S  per  cent  faile«i 
(Abbott). 

Zinc  Chloride. — In  the  writers  experiments  1  :  300  destroyed 
Micrococcus  Pasteuri  in  two  hours,  but  a  two-per-cent  solution  was  re- 
quired to  kill  pus  cocci  in  the  s  Ame  time  ;  spores  of  Bacillus  anthr^is 
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were  not  destroyed  by  two  hours'  exposure  in  a  ten-per-cent  solutiiMi. 
but  a  solution  of  five  per  cent  killed  the  spores  of  Bacillus  subtili^  in 
the  same  time.  Koch  found  that  anthrax  spores  germinatetl  after 
Iwing  immersed  in  a  five-per-cent  solution  for  thirty  days.  The  d«»- 
velopnient  of  Bacillus  prodigiosus  is  only  sUghtly  retarded  by  expi»- 
sure  for  sixteen  hours  in  a  one-per-cent  solution.  Antiseptic  in  thf 
proiwrtion  of  1 :  52(5  (Miquel). 

Zinc  Sulphate. — In  the  writer's  first  experiments  a  twenty-per- 
cont  solution  failed  to  destroy  in  two  hours  micrococci  obtained  from 
the  pus  of  an  acute  absces».  In  later  experiments  a  micrococcus  f  nnn 
the  stvme  source  resisted  two  hours'  exposure  to  a  ten-per-oent  solu- 
tion, but  Micrococcus  tetnigenus  was  destroyed  by  this  amount 
Bit)ken-down  beef  infusion  mixed  with  an  equal  quantity  of  a  fortr- 
l)er-cent  solution  was  not  sterilized  after  two  hours'  contact  In 
KcK'h's  experiments  anthrax  spores  were  found  to  germinate  after 
having  l>een  immersed  for  ten  days  in  a  five-per-cent  solution. 


XI. 


ACTION  OF  COAL-TAR  PRODUCTS,   ESSENTIAL 
OILS,   ETC. 

In  the  present  section  we  shall  consider  the  action  upon  bacteria 
of  a  variety  of  organic  pro<luct«,  and  for  convenience  will  arrange 
them  alphabetically. 

Acetone. — Anthrax  spores  grow  freely  after  two  days'  exposure 
to  the  action  of  this  agent;  at  the  end  of  five  days  their  development 
is  fcelile  (Krx'h). 

,il<ohol. — In  the  writer's  experiments  ninety-five-i^er-cent  alco- 
hol did  not  destroy  the  bacteria  (»iKires)  in  broken-<lovvn  beef  tea  in 
forty -eight  hours.  Micrococcus  Pastcuri  was  destroyed  by  two  hours' 
expo!*ure  in  a  twenty-four-per-ccnt  solution  ;  pus  cocci  require<l  a 
forty-per-cent  solution.  Koch  found  that  absolute  alcohol  had  no 
effect  upon  anthrax  spores  exixi.sed  to  its  action  fur  one  hundred  and 
tea  days.  SchiU  and  Fischer  found  that  when  tuberculous  sputum 
wa«  mixed  with  an  equal  amount  of  absolute  alcohol  its  infecting 
jx>wer  was  not  destroyed  in  twenty-four  hours,  but  that  in  the  pro- 
portion of  five  parts  to  one  of  sx>utum  it  was  effective  in  destroj-ing 
tlie  tubercle  bacillus,  as  proved  by  inoculation  experiuieiits.  Yersin 
found  that  in  pure  cultures  the  tubercle  bacillus  is  killed  by  five 
juinutes'  exposm-e  to  the  action  of  absolute  alcohol. 

A.septol  (ortho[>henol,  sulpho-carbolic  acid,  etc.). — This  substance 
is  freely  soluble  in  water.  According  to  Huepi)e  a  three  to  five-per- 
cent solution  destroys  bacteria  in  the  absence  of  spores,  and  a  ten- 
per-cent  solution  destroys  utitbras  spores  in  ten  minutes. 

Aitilhie  Dyes. — Recent  rcnearches  have  shown  that  some  of  the 
aniline  colors  possess  very  decide<l  germicidjil  power.  Stilling  found 
that  solutions  of  methyl  violet  containing  1  :  ;iO,(KX>  exercise  a  re- 
straining intlueiico  ujxtn  tlie  development  of  putrefactive  bacteria 
and  pus  cocci,  and  that  these  microorganisniK  are  destroj'ed  by  solu- 
tions containing  1  :  -.'.(XJO  to  1  : 1,<KKK  Methyl  %'iolet  has  been  placed 
in  the  market  by  Merck  under  the  name  of  pyoktauiii.  Jjinicke  re- 
ports the  following  results  with  pyoktaniu  :  Staphyhx-occus  pyogenes 
aureus  was  restrainetl  in  its  development  by  solutions  containing 
1  :  *i.lK"«*>.(XK),  Bacillus  anthnicis  by  1  :  l.OCKl.nOrt,  Staphylococcus  pyo- 
genes by  1  :  Xy.i,'^00,  SpiriUum  cholerie  Asiaticte  by  t  :  G3.5lK>,  Bacil- 
lus tvphi  abdominaUs  by  1  : 5,000.  In  blood  serum  stronger  solutions 
13 
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^^^^B         were  required  (1 :  500,000  for  Staphylococcus  pyogenes  aureus).     9fih  i 
^^^^V        pliylococcus  pyogenes  aureus,  Streptococcus  pyogenes,  and  Badllus 
^^^^H         anthracis  were  kiUed  in  thirty  seconds  by  1  : 1,000,  the  typhoid  bftcil- 
^^^^H         lus  by  the  same  amount  in  thirty  minutes.     Boer  found  nialacfaite 
^^^^H        green  to  be  Btill  more  effective  than  methyl  violet.     In  his  exp«- 
^^^^H         ments  ujmn  bouillon  cultures  twentj'-four  hours  old,  with  two  boms' 
^^^^H        expoi^ure  to  the  action  of  the  disinfectant,  he  obtained  the  followiw 

^^^^H                                                                    MAI.ACHITB   (iREEX.                                                      ^H 

^^^^H           Anthrax  IxaciUua   .. 

Rc«tnUti« 

l:l2orK)o 
1  : 40000 

1  :&000 
1 ; 100000 

1  :  40000 

1:8000 
1:800 
1  :800 
1  riSOOO 

^^^^^^^^1           frliinflAr't  l^nrilhiH   ,    ,                 , 

^^^^H           Typhoid  bacillua     

^^^^^H          Caolera  spirillum 

^^^H                                                       METHYL  VIOLET   (PYOKTANIN).                                                1 

^^^^^^^m           t -•>._.  v..iiiSiIm<i 

Renraliu 
devvlo|>inent. 

70003 

10000 

2900 

2500 

80000 

1:8000 
t:MOO 

i:iao 

IrlM 
1:1000 

^^^^H          Diphtheria  bacillus 

^^^^V          Oliuiders  bacillus 

^                 Tvphold  bacillus. 

^^H                  Cholera,  spirillum 

^^H                     Aniline  0/7.— Acfording  to  Riedliu,  the  addition  of  1  :  6  of  uii- 
^^H               line  water  prevents  the  development  of  all  bacteria  in  nutrient  gelatia. 
^^H                    Aromatic  Products  of  Decomposition. — Klein  has  tested  tiiv 
^^B               germicidal  power  uf  phenylpropionic  and  pbenylacetic  acid&    Ht 
^^H               finds  that  anthrax  nitres  resist  both  of  these  acids,  in  the  proportMB 
^^B               of  1  :  iOO,  for  two  days,  but  in  the  absence  of  spores  anthrax  l«dfi 
^^H               are  quickly  killed  by  a  solution  of  this  strength.     CertJtin  non-pslbi^ 
^^M                genie  micrm-occi  were  not  killed  by  exposure  for  twentv-fiv©  mhlttlK 

^^M               guinea-pigs  after  exposure  for  ninety-nix  hours  to  1  :  "^'OO. 

^^H                     Asepiol.~X  toii-per-cent  aqueoii>t  solution  kills  anthrnx  f«pumia 

^^B               fectaut  in  the  absence  of  K{x>res  (Huep{)e). 

^^1                    Benzene,  C.H,. — Exposure  in  benzol  for  twenty  dav»  failed  to 

^^H               deatniy  the  -vitality  of  anthmx  spores  (Koch). 

^^B                    Camphor. — Alcohol  8iiturat«d  with  caiupbor  has  no  effect  om 

^^B               tlie  virus  of  symptomatic  anthrax  (Arloing,  Cornevin.  and  Tliimitt»i 

^^B                    The  experiments  of  Cadeac  and  Meunier  show  tlmt   caniphtjr  (^i 
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}f,  ur  tincture?)  has  but  little  genniL'iilal  pttwer.  The  typhoid  ba- 
cillus and  cholera  spirilliim  were  only  desti-oyed  rtft<?r  eight  to  ten 
days*  exjM)8ure  to  the  action  of  camphor  (''essence"). 

Carbolic  Arid. — Tested  u{K)ii  anthnuc  spores,  K(K-h  found  aone- 
per-cent  solution  to  be  without  effect  after  fifteen  days'  exposure  ;  a 
two-per-cent  solution  retarded  development  l>ut  did  not  completely 
destroy  vitality  in  seven  days  :  a  three-jjcr-cent  solution  was  effec- 
tive in  two  days.  In  the  absence  of  spores  Kixh  fuiuid  that  a  one- 
jjern-ent  siilution  quickly  destroys  the  vitality  of  authrsix  bjicilli. 
■  He  recommends  a  five-iHir-cent  solution  fur  tlie  desti-uction  of  the 
I  •'  comma  bacillus"  in  the  discharges  of  cholera  patients,  and  a  two- 
per-cent  Bt)!ution  for  the  disinfection  of  surfaces  soiled  with  such  dis- 
charges. Ill  the  writer's  experiments  1  :  2lHJ  destroyed  Mici-ococcus 
Pasteuri  in  two  hours  ;.  and  pus  cocci  were  destroyed  by  1  :  125,  while 
1  :200  faileil.  Davaine  showed  by  inoculation  exj>eriment3  that  an- 
thrax Iwicilli  in  fresh  blood  are  destroyed  by  lieiiig  exposetl  to  tlie 
action  of  a  one-per-cent  solution  for  one  hour.  A  two-per-cent  solu- 
titiu  destroys  the  dried  virus  of  symptomatic  anthrax  in  forty -eight 
hours  ( Arloing.  Corneviii,  and  Thomas).  8<tlutii)ns  in  oil  or  in  alco- 
hol have  been  shown  by  Koch  to  lie  less  effective  than  tupieous  solu- 
tions. Thus  a  tive-per-cent  solution  in  oil  faiUnl  to  destroy  anthrax 
BlKjres  in  one  hundred  and  ten  days,  and  the  sanie  solution  failed  to 
kill  the  bacilli,  in  the  absence  of  sp4)res.  in  less  than  six  days.  A 
five-per-cent  solution  in  alcohol  did  iwi  destroy  anthrax  spores  in 
seventy  days.  Schill  and  Fischer  found  that  a  three-i)er-<;ent  solu- 
tion destroyed  the  infecting  jwvverof  tuliercLilous  sputum,  as  shown 
by  inoculation  into  guinea-pigs,  in  twenty-four  hours,  while  solutions 
of  one  and  two  per  cent  failed.  Bolton's  exiteriments  gave  the  fol- 
lowing results,  the  test  organisms  lM?irig  in  fresh  bouillon  cultiu-ea 
and  the  time  of  expwure  two  hours  :  Tiie  cholera  spirillum,  the 
bacillus  of  typhoid  fever,  the  bm-illus  of  schweinerothlauf,  Brieger's 
bacillus,  the  biicillus  of  green  pus,  and  the  pus  C(X'ci  (Staphylococcvis 
pyogenes  aureus,  albus,  and  citreua,  and  Streptoctx-cus  pyogenes) 
were  all  killed  by  a  sohition  of  tine  per  cent,  while  in  a  majority  of 
the  experiments  a  one-half -per-cent  (1  :  2(X))  8<)lution  failed.  Cul- 
txires  of  the  typhoid  bacillus  in  fle-sh-peptone-gelatin  gave  the  same 
result  (1  :  100  mth  two  hours*  exjMjsure),  and  the  addition  of  ten  per 
cent  of  dried  egg  albumin  to  bouillon  culttires  did  not  influence  the 
result. 

The  experiments  of  La  Place  show  that  the  addition  of  hydro- 
chloric acid  to  a  disinfecting  solution  containing  carbolic  acid  greatly 
increases  its  germicidal  power  for  spores.  Thus  it  is  stated  that 
"  tA*'o  per  cent  of  crude  carbolic  acid  with  one  per  cent  of  pure  hydro- 
chloric acid  destroyed  autlirax  spores  in  seven  days,  while  two  per 
cent  of  carbolic  acid  or  one  per  cent  of  hydrochloric  acid  alone  did 
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not  destroy  these  spores  in  thirty  clays.  A  four-per-cent  Holuti< 
ci-ude  carbolic  acid  wth  two  per  cent  of  hydrochloric  acid  d 
Bporw  in  less  thati  an  hour  ;  four  per  cent  of  carbolic  acid  alone  did 
not  dentroy  them  in  twelve  days.  Van  Ennengem  reports  that  in 
his  experiments  the  cholera  spirillum  in  chicken  bouillon  was  IdUed 
in  less  than  half  an  hour  by  1  :  600,  and  that  in  blood  Berozu  1 :  40O 
wa.H  effective.  Nicati  and  Rietach  fix  the  germicidal  pcwrer  for  tfap 
ciiolera  spirillum  a.s  1  ;  200,  the  time  of  exposure  being  ten  minntes; 
Kamoii  and  Cajal,  I  :50.  Boer  gives  the  following  results,  the 
of  exposure  l)eing  two  hours,  cultures  in  bouillon  twenty-four 
old  : 


Aatlirux  bacillus. . 
Diplithcria  biicillua 
(JIanders  biicillua. . 
Typhoid  bucillus.. 
Cholera  spiritium  . 


BMtraina 
derelopmetit. 


I  :750 
1:500 
1  :000 
1  :400 
1  :fiOO 


ritatAT. 


t:<00 
1:100 
ItMO 

mm 


Leitz  reports  the  following  results  :  The  dejections  of  patiMl» 
suffering  from  typhoid  fever,  mixed  in  etjual  quantity  •with  thedan- 
ft<cting  .solution,  were  sterilizxHl  by  a  five-per-cent  solution  of  cmr* 
holic  acid  in  three  days.  Pure  cultures  of  the  typhoid  barcillos  wm 
sttrrilized  in  fifteen  minute.s  by  a  five-per-cent  solution. 

In  the  ex|>erimeiits  of  Xiwlit  upon  anthrax  spores  it  waftfooai 
tliat  while  at  the  room  temperature  these  spores  were  not  deatiuyd 
by  several  days'  exposure  in  a  five-per-cent  solution,  ther  vrero  ^ 
ptroyed  in  three  hours  by  the  same  solution  at  a  temjH'nktureof  87.5'. 

Carbolic  acid  prevents  putrefivctivo  changes  in  bouillon  ^vhe3l  pre- 
sent in  the  proportion  of  I  :  333  (Miquel).  The  tubercle  bacillnsll 
killeil  in  thirty  seconcLs  by  a  five-])er-cent  solution,  and  in  ock6  »n*y*» 
by  H  one-per-cent  .solution  (Versin). 

Coffee  InfusiDn. — Expt^riments  have  been  mfidoby  Heim  anidbf 
LiKleritz  on  the  antist'pttc  power  of  an  infusion  of  coflfe<».  The  finl> 
named  author  found  that  anthrax  biieilli  no  longer  developed  afkv 
thn^e  hours'  eijxisure  in  a  ten-per-cent  solution,  but  spores  yren  no* 
killftl  at  the  end  of  a  week.  Streptococci  in  a  bouillon  culture  n^ 
quired  twentj'--four  hours'  exj)osure,  and  the  staphylococci  of  pus*  w«w 
not  tiestroyed  in  this  time.  Lfuleritz  found  that  a  thre<vper-<>«nt  In- 
fusiou  restraiued  the  growtli  in  nutrient  gelatin  of  the  typhoid  ba- 
cillus, and  a  iive-]N>r-cent  infusion  killed  the  bacillus  in  two  data; 
the  cholera  spirillum  failed  to  grow  in  presence  of  one  per  cent,  asd 
a  solution  of  this  stivngth  killeil  it  in  seven  hours  :  Staphyluoorcw 
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pyogenes  aureus  was  prevented  from  developing'  hy  two  per  cent, 
and  was  killed  in  six  days  by  a  five-per-cent  solution  ;  Streptococi-us 
pyogenes  was  prevented  from  g^wing  by  one  per  cent,  and  killed  by 
a  ten-per-cent  solution  in  one  day  ;  Proteus  vulgaris  did  not  grow  in 
presence  of  2. 5  per  cent,  and  was  killed  in  two  days  by  ten  per  cent. 
The  question  as  to  what  constituent  of  the  infusion  of  roasted  cofft>e 
was  the  active  germicidal  agent  was  not  determined,  but  the  authors 
referred  to  agree  that  it  was  not  caffeine. 

Creolin. — This  is  a  coal-tar  product  which  resembles  crude  cArl>olic 
acid  in  appearance,  but  smells  rather  Uke  tar  than  like  phenol.  It 
makes  a  milky  emulsion  with  water,  which  has  been  proveil  by  lai- 
merotiB  experiments  to  possess  very  decided  germicidal  poiyer,  beiiip 
superior  tocarboUc  acid.  The  first  careful  test  of- the  germicidal 
power  of  this  agent  waH  made  by  Esmarch.  wlio  found  that  a  .'solu- 
tion of  1  :  2(X)  killed  the  cholera  spirillum  in  a  minute,  the  typhoid 
bacillus  at  the  end  of  several  days.  Anthrax  spores  were  not  de- 
stroyed in  twenty  days  by  a  five-per-cent  solution,  but  this  solutioFi 
killed  the  tubercle  bacillus  attached  to  silk  threiids  which  were  im- 
mersed in  it  for  a  short  time,  and  also  disinfected  tad>errulou»Hpuiuni. 
Behring  has  shown  tiiat  in  albuminous  liijuida  cn'olin  is  less  etfectivo 
than  carbohc  acid.  In  blood  serum  1  :  175  was  re<iuired  to  rp><train 
the  development  of  stiiphyloeoc^ci,  and  I  :  KX)  to  destroy  the  same  in 
ten  minutes.  Van  Ermengem,  as  a  result  of  numerous  experiments, 
arrived  at  the  conclusion  that  creolin  is  a  cheap  and  useful  disinfect- 
ing agent,  in  a  five-per-cent  solution,  for  various  pathogenic  organ- 
isms. Kaupe  reports  that  in  his  e3q>erimenta  a  ten-per-cent  solution 
killed  anthrax  spores  in  twenty-four  hours.  According  to  Boer,  a 
solution  of  1  : 5,000  destroys  anthrax  Imcilli  in  bouillon  cultures  in 
two  hours,  1  :2,0(X)  diphtheria  bacilli,  1  :  300  the  glanders  bacillus, 
1 :250  the  typhoid  bacillus,  and  1  :  3,000  the  cholera  spirillum. 

Creosote. — This  agent  was  found  by  the  writer  to  be  fatal  to 
microoooci  in  the  proportion  of  1  :  200.  In  the  proportion  of  one  per 
cent  it  failed,  after  twenty  hours'  exposure,  to  destroy  tuljercle  bji- 
cilli  in  sputum  (Schill  and  Fischer).  A  sjiturated  aqueous  solution 
does  not  destroy  the  tulierdo  bacillus  in  otiltures  in  twelve  hours 
(Yersin).  Guttman,  in  extended  oxperiinents  upon  various  patho- 
genic organisms,  found  that  development  was  prevented  by  1  :  3,000 
to  1  : 4.000.  A  solution  containing  1  :  yOO  killed  Bacillus  pjrocytinus 
and  Bacillus  anthracis  in  one  minute.  Bacillus  prodigiosus  in  two 
minutes,  and  the  Finkler-Prior  spirillum  in  one  minute  in  the  pro- 
portion of  1  :  fiOO, 

Cre^ol, — This  is  a  dark,  reddish-brown,  transparent  fluid,  sonw- 
what  thinner  than  creohn,  and,  like  it,  having  an  odor  of  tar.  It 
forma  an  emulsion  with  water,  which  is  not  so  stable  as  that  formed 
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by  creolin.  Of  the  three  cresols,  ortho-,  meta-,  and  paracrestJ,  the 
(UK'uud  WH8  fouiul  by  Fninkel  to  be  most  active.  This  author  8taUe» 
tUut  the  addition  of  sulphuric  acid  adds  greatly  to  its 
jHiwer.  A  four-|)er-ceiit  solution,  contiiiiiing  equal  parts  of 
and  H,SO,,  killed  anthrax  ajwras  in  less  than  twenty-four  hours.  In 
Bt'liriiig's  experiments  a  solution  contiiiniiig  ten  per  cent  of  each  killed 
uiiilirax  spores  in  eighty  minutL-s,  and  five  per  cent  of  each  in  ow 
hinidit^d  minutes,  wliile  an  eighteen-j>er-cent  solution  of  sulpbuiw 
afid  aluue  diil  not  kill  tlwui  in  twenty  four  hours.  In  the  expeii- 
mouts  of  Jjiger  a  two-i>er  cent  Holution  destroyed  tho  tubercle  baciUlU 
in  cultures  and  in  r^putuni.  As  a  result  of  hid  ez{)eriinenttf  Behro^ 
concludes  that  ci-esol  htui  no  advantage  over  carbolic  acid  as 
niicide  for  the  destruction  of  spores.  Tested  upon  Staphy 
aureus,  Strei)ttK'iK-<U(*  erysiju'latos,  and  Bacillus  py«x^yanus, 
found  that  a  solution  of  U.'.\  per  cent  destroyed  these  inicroo 
in  five  minutes,  while  a  tw«)-per-cent  solution  of  carbolic 
quired  fifteen  minutes'  contact  to  accomplish  the  same  result. 

Tinkresof  (Schering)  has  been  testeil,  with  favorable  results,  br 
several  bacteriologists.  According  to  Hammerl  it  is  about  twice  at 
active  a  genuicide  as  carbolic  acid. 

Diaphtberin  (o.xychiiui8eptol)  has  considerable  antiseptic  powcc, 
as  siiown  by  the  cxjieriiuentH  of  Rolirer  and  others.  Two  to 
drops  of  a  ono-|)er-ceut  solution  wan  found  to  prevent  the  de' 
mentof  test  organisms  (Staphylococcus  pyogenes  aureus  and  BadUia 
Hiithracis)  in  twelve  cubic  centimetres  of  liouillon.  Stohle  (IW0) 
also  linds  tliatas  an  antiseptic  it  is  far  superior  to  carbolic  acid  or  IjmI, 
and  that  it  has  the  advantage  of  being  non-toxic.  Tested  upon  aa* 
thnix  spores  it  was  foniulto  lie  comparatively  inactive  as  a  f^rmicide 
A  fifteen-per-cent  solution  destroyed  anthrax  spores  in  three  daya. 

Disiufektol. — Tliis  is  a  coal-tjir  prmluct  similar  t<»  creolin  wfaiek 
has  lieon  recommended  in  (K'rmany  for  disinfecting  purposes.  It  ■ 
an  oily,  dark-bn»wut1uid  luiving  a  specific  gravity  of  1.O80.  Itfomt 
an  emulsion  with  water,  which  has  a  sUghtly  alkaline  reaction.  Ix 
has  been  testeil  a\Mn\  t^'phoid  stiHtIs  by  UtTelmanu  and  by  BeM&a. 
The  last-named  author  gives  the  following  sumuviry  of  the 
obtained!  :  An  euiuisioti  of  five  jH»r  cent  of  disiufektol  tHjuals  in 
for  the  disinfection  of  tlie  litpiid  discharges  of  ti'phoid  patients, 
ptT  cent  of  creoHn.  thirt)--three  percent  of  hydrochloric  acid,  flwptf 
cent  of  carliolic  acid,  1  :5iK>  of  mercuric  chloride. 

Kther, — Anthrax  spores  may  genninate  after  bein^^  immnnwidil 
sulphuric  ether  for  eight  days  (Koch).  The  tubercle  baoiUus  is  d»- 
8trt»yod  by  ten  minutes'  ex|K)sure  to  tho  action  of  ether  ( Yersiii). 

Ks.tential  Oils. — Cliamburlain  has  made  an  extended  series  tf 
experiments  to  determine  the  antiseptic  power  of  the  vapor  of  vob- 
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tile  oils.  A  large  number  of  essential  oils  tested  were  fuund  to  pre- 
vent the  development  of  the  anthrax  baxjillus,  while  &  few  did  not. 
At  the  end  of  six  days  the  tubes  were  opened  and  the  oil  absorbed  by 
the  culture  liquid  allowed  to  evaporate.  Cultures  were  now  obtained 
from  all  except  the  following,  which,  it  was  inferred,  had  destroyed 
the  vitality  of  the  spores  :  Angelica,  cinnamon  of  China,  cinnamon 
of  Ceylon,  geranium  of  France,  geranium  of  Algeria,  origanum. 

Cadwic  and  Meunier  have  also  mado  extended  experiments  upon 
the  typhoid  bacillus  and  the  bacillus  of  glanders,  for  the  purpose  of 
determining  the  germicidal  power  of  agents  of  this  class.  Their 
method  consisted  in  the  introduction  of  a  sterilized  platinum  needle 
into  a  pure  culture  of  the  test  organism,  in  immersing  it  in  the 
essential  oil  for  a  certain  time,  and  then  making  with  it  a  puncture 
in  a  suitable  solid  culture  medium.  Their  results  are  given  below 
for  the  typhoid  bacillus. 

Essences  which  kill  the  bacdlus  after  a  contm^t  of  leas  tlian 
twentv-four  hours: 


At  the  end  of— 

Ciiitiamon  of  Cfiylon, 

12  minutes. 

Cloves, 

2S 

Eugenol,    . 

30 

Thvnie, 

35 

Wi'ld  thyme. 

35 

Verbena  of  India, 

46 

Greranium  of  France, 

.       50 

(Jriganum, 

75 

Patchouly, 

80 

Zedoarv, 

Absinthe,  . 

«            t 

2  houra. 

4      " 

Sandalwood, 

12      " 

The  following  were  eflfective  in  from  twenty-four  to  forty-eight 
hours:  Cumin,  caraway,  juniper,  matico,  galbanum,  valerian,  citron, 
angelica,  celery,  savin,  copaiba,  pepper,  turpentine,  opoponax,  rose, 
chamomile  ;  the  following  required  from  two  to  four  days:  lUicium, 
sassafnts,  tuberose,  coriander;  the  following  from  four  to  eight  days: 
Calamus,  sage,  fennel,  mju-e,  cfiscarilla,  orange  of  Portugal;  the  fol- 
lowing in  eight  to  ten  days  :  Mint,  nutmeg,  rosemary,  carrot,  muM- 
tard.  anise,  onion,  naarjuram.  bitter  almonds,  cherry  laurel,  myrtl«, 
lavender,  eucalyptus,  cedar,  cajuput,  wintergreen,  camphor. 

RiedUn  reports  as  the  result  of  his  experiments  that  the  esMeutial 
oila  which  have  the  greatest  antiseptic  value  are  oil  of  lavender,  eu- 
raUyptus.  rosemary,  and  cloves. 

Eucixlypfiil. — Chabaunes  and  Ferret  found  that  a  five-ptT'CMl 
iation  of  eucalyptol  is  without  effect  upon  tubercle  baoUH  in  •pU' 
t  Behring,  eucalyptol  is  alxjut  four  time*  Imp  jm> 
than  carbolic  acid. 
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Eupkorin   (Phenylurethan)  has  been  tested  by  Colasanti  (ISIMI. 
who  findH  thut  it  has  rather  feeble  germicidal  activity. 

Formaldehtjde  (formol,  formalin)  lias  very  decided  germici^kl 
power.  According  to  Pottevin  (1^94)  in  the  absence  of  spores  a  solu- 
tion of  1 : 1,000  kills  bacteria,  in  comparatively  small  Duinbeni>  in  fnm 
fifteen  niiniitea  to  several  hours.  For  the  destruction  of  sporwa 
much  stronger  solution  is  re^juired — a  fifteen-per-cent  solutioD  it 
15"  C.  killed  anthrax  spires  in  one  and  one-half  hours,  and  s; 
of  BacilluH  subtilis  in  tvventj'  hours.  At  higher  temperat 
gennicidal  action  is  more  energetic,  and  microorganisms  ex 
the  vapor  of  formol  are  very  quickly  destroye<l.  Vanderlinden 
de  Buck  (1S95)  find  that  Bolutione  of  formalin  are  decidedly  infesrior 
to  correBponding  solutions  of  carbolic  acid,  creolin,  or  solveoL,  and  are 
too  irritating  to  be  used  in  surgical  practice.  They  report  that  i 
scjlution  of  five  per  cent  failed  to  destroy  their  test  organians— 
Bacillus  coli  communis,  Bacillus  typhi  alxlominalis,  Stapbyiococcw 
pyogenes  aureus.  ExjjerimentB  made  by  Reed,  at  the  Army  Medic*! 
Museum  in  Washington,  show  that  the  diphtheria  bacillus  and  other 
test  organisms  are  quickly  killed  by  formalin  vapor. 

Glycerin  has  no  action  ujwn  the  virus  of  symptomatic  anthru 
(Arloing,  Comevin,  and  Thomas),  and  is  inert  as  rejjards  thesporoi 
ijf  anthrax  (Koch).  Glycerin  prevent*^  putrefactive  decompositioB 
bouillon  when  present  in  the  proportion  of  1 : 4  (Miquel).  Roux 
shovra  that  the  atldition  of  five  per  cent  of  glycerin  to  a  ciiUin» 
me«lium  is  favorable  to  the  growth  of  the  tubercle  bacillus;  it  iBabu 
appropriate+l  as  pabulum  by  various  other  species. 

Qimiaci^. — Kuprianovv,  as  a  result  of  extende<l  experiments  wilii 
this  agent  (IS'U),  reports  that  it  ranks  below  cresol  and  carbolic  acid 
as  a  germicide.  In  the  projiortion  of  1 :500  it  restrains  the  derdofh 
ment  of  the  choleru  Hpirilluni,  and  the  author  named  suggpests  it»  in- 
ternal administration  in  this  disease  on  account  of  its  iiun-iDvir  nnJ 
non-irritant  projierties, 

lifjdroxijhimiu. — Heinisch  found  that  the  develupuient  • 
anthrax  bacillus  iw  prevented  by  1:77  of  hydroxylamin  ii_  . 
chlorate,  and  of  the  diphtheria  bacillus  by  1  :  75.  In  these  etxperimaiti 
a  solution  of  soda  was  added  to  releai<e  the  hydroxylamin.  Uaip 
mann  found  that  1:100  preserved  milk  without  cliange  for  £otf 
to  six  weeks,  and  that  alkaline  fermentation  of  urine  was  pteiFeoldl 
by  1:1.000. 

IchthyoL — Latteux  (1892)  reports  that  the  various   pathogtaie 
bacteria  used  by  him  as  test  org^ninms  were  killed  by  a  five-pef<«art 
solution  (time  ?)  with  exception  of  Strept(Kx>ecuB  pyogenes,   whidi 
required  a  six  to  aeven-per-cent  solution.     The  more  recent  exp*n 
mentsof  Abel  (1893)  gave  less  favorable  result,  but  the  agent  «•» 
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Hhuwn  tu  have  consnlerable  antiseptic  value — 1 :  'i,OOQ  restrainetl  the 
development  of  streptococci;  1 :  500  of  the  diphtheria  bacillus;  1 :  20 
of  Staphylococcus  pyogenes  aureus;  1:33  the  bacillus  of  typhoid 
fever.  Streptococci  and  diphtheria  bacilli  were  destroyed  in  twent)'- 
four  hours  by  a  solution  of  1 :  200 ;  Staphylococcus  aureus,  subjected 
to  the  action  of  pure  ichthyol,  was  destroyed  in  five  hours — in  a  five- 
{K3r-cent  solution  it  siu-vived  for  four  days.  Cultures  of  the  typhoid 
bacillus  mixed  with  a.  fifty-per-cent  solution  were  not  conipletel)^ 
sterilized  in  thirty  hours;  a  small  number  »>f  bacilli  in  bouillon  were, 
however,  destroyed  by  a  three-per-cent  solution  in  forty-eight  hours. 
Anthrax  spores  on  silk  threads  were  not  destroyed  by  a  fifty-per-cent 
solution  at  the  end  of  one  hundred  and  forty  days. 

Indot. — When  adde<i  in  excess  to  water  this  agent  failed  to  de- 
stroy  anthrax  sjiores  in  eighty  days  (Koch). 

IzhI  is  a  coal-tar  pnxluct  which  has  recently  been  introduced  as 
a  disinfectant.  Klein  (1892)  reporte  that  in  the  strength  of  ten  per 
cent  it  kills  anthrax  sjxires  in  fifteen  minutes.  In  the  absence  of 
spores  various  pathogenic  bacteria  were  killed  in  five  minutes  by  a 
solution  containing  1  :  200. 

Lanolin. — According  to  Gottstein,  various  microorganisms  testetl 
by  him  failed  to  grow  in  cultures  after  having  been  in  contact  with 
pure  lanolin  for  five  to  seven  days. 

Loretin. — Korff  (1811/))  claim.s  for  tliis  agent  that  a  two-per-cent 
solution  is  superior  to  corresponding  solutions  of  lysol,  metakresol, 
or  phenol,  and  that  it  has  the  advantage  of  being  non-toxic,  odorless, 
and  nou- irritating. 

Lysol. — Weiss  (IHJi.i)  has  tested  this  product  and  reports  that  a 
solution  of  three-fourths  jier  cent  destroyed  his  test  organisms  (pus 
cocci,  typhoid  bacillus,  BaciUus  coli  communis,  etc.)  in  five  minutes. 
Anthrax  spores  were  destroyed  by  the  sama  solution  in  one  hour. 

Naphthol. — In  the  proportion  of  1  :  10,LHMt  naphthol  prevents  the 
development  of  the  glanders  bacillus,  the  anthrax  bacillus,  the  typhoid 
bacillus,  tho  microctK'CUs  of  fowl  cholera,  of  Staphylococcus  aureus 
and  albus,  and  of  several  other  micnxjrganisms  teste*!  by  Maximo- 
vitch.  The  same  author  states  that  although  insoluble  in  cold  water, 
water  at  70°  C  dissolves  0.44  in  one  thousand  parte.  When  urine  is 
shaken  up  with  naphthol  in  powder  it  does  nut  imdorgo  fermenta- 
tion. 

In  the  experiments  of  Foote  hydronaphthol  was  foimd  to  show 
some  germicidal  power  in  the  pnijMjtrtinn  of  1 :  2,300,  but  the  conclu- 
sion is  reachetl  that  a  saturated  afjueouK  sr.tution  (1  :  1,150)  does  not 
equal  a  one-per-cent  solution  of  carbolic  acid  or  of  creolin. 

The  writer,  in  1892,  obtained  the  following  results  in  experiments 
with  naphthols  upon  the  cholera  spirillum. 
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Alpha-naplitliol  and  iKUi-naphthul  have  about  tlie  same   aiitiDeplic  i 
genuiciiiftl  value.     In  tlie  pmjKJctron  of  1  :  H>,(JOO  Ixith  prevent  the  aevi 
intent  of  the  cholera  spirillum  iii  jjt'ptoniaed  beef -lea,  ■vvuile  1  :  84.000  fa"* 
pi-event  developiiK'ut.     In  the  pro]>ortiiiii  i»f  I  :  .1.000  both  tlestroy  the  ' 
ity  of  the  cholfTa  MpinHiiiii  in  hoiiilloii   cultures,  twenty-four    hours 
after  two  houi-s'  (.■uutact,  while  1 :  4,[MK>  fails  to  destroy  lliis  iiiioroornrvii 
in  the  time  lueiitioned — t^vo  houi-s. 

Ill  expt^riuients  iinuie  with  u  solution  of  1  : 1,000.  a<lded  to  an  iM)aal 
qiuiiitily  of  a  Iweuty-four  hnui-^  idd  hciuillou  miltui-e -making-  1  :  2,000  mUet 
uiixtuit* — and  in  wlii<-h  thf  time  of  cimtaet  varied  from  five  to  thirty  miiiuloi, 
alpha-,  iK'rta-,  and  hyilrouaphtliol  wei-e  found  to  destroy  the  cholera  g^nn  fcjr 
tifteen  minut<'s''  exposure,  hut  t*)  fail  after  t«'n  minutes'  contact,  t«o  thatl' 
germicidal  value  of  eiR'h  of  these  is  siniilar,  or  nearly  so. 

lu  all  X\ieii&  extierimeuts  the  line  was  stiHr]>ly  drawn  between  sucoeai 
failuji-.  No  development  occurred  and  the  bouillon  remained  tFanspaimt 
iit  tho!>(>  experiments  in  which  the  germicidal  tu-tion  was  c«>niplete,  and  ft 
iliaracteristic  develoutnenl  <^)eturred  within  twenty-four  hours  in  those  ei- 
pehments  in  which  tliei'c  was  a  failure  t<i  destmy  the  spirillum. 

Benzo-naphtliol  litin  no  germicidal  i>owei-,  proliably  becaus<>  it  is  insolnbl* 
in  water.  At  le^wt  this  is  niy  inference  from  the  exfM-rinients  made.  Oom 
gramme  was  added  to  one  thousand  cubic  cenlimeti-es  of  dLstilled  water,  )u>d 
after  vi);orous  sliakiusT  ^vilh  phiced  iu  the  steam  sterilizer  for  half  an  hour. 
At  the  end  of  this  time  the  g^reater  portion,  at  least,  of  the  benzo-naphthol  re- 
niaiiu'd  uiidis.si>lve<i  at  the  liottom  of  the  tiask.  The  .saturated  Holutiuu  (f) 
was  then  jihered  uiul  added  to  recent  Ixmillou  cultiuv.s  of  the  cholera  K^ni- 
hini  in  the  proixirtion  of  1  : 1,  1  :  ^,  1  :  4. and  2:1.  At  the  end  of  two  boon 
sterile  bouillon  in  te.>«t  tulles  w:i8  inoculated  from  each  of  these  and  plaosd  IB 
the  incubatiug^  oven.  At  the  end  i>f  forty-eight  hours  a  characteristic  denl- 
opmentof  the  cholera  spirillum  had  occurred  in  all  of  the  tubes. 

Olive  Oil. — Anthrax  spi^res  germinate  after  having  been  im- 
mersed for  ninety  days  in  piirt«  olive  oil  (Koch). 

Oil  of  Mnnlttnl. — Koch  found  thfit  the  development  of  anthrai 
spores  is  preveiiteti  by  1 :;{:!, OOU. 

Oil  of  I'i'jipcniiinf. — A  five-per-cent  sohition  in  alcohol  failed  io 
twelve  days  to  dcstrny  anthrax  ^^pore^^,  but  the  development  of  then 
spores  is  restrained  by  1  :  ;j:J,tltiO  (Koch). 

Oil  of  Turpentine  destro^'s  anthrax  spores  in  five  days,  but  failed 
to  do  so  in  one  day  (Koch).  The  <leve1opment  of  anthrax  sponsis 
prevented  hy  1 :  75,000  (Koch).  The  addition  of  1 :  'iOO  to  nutrient 
t^iatin  prevents  the  development  of  bacteria  (Riedlin).  An  exccM 
of  oil  of  turpentine  added  to  a  liquefied  gelatin  culture  of  Stapbjk^ 
coccus  aureus  does  not  destroy  this  micrococcus  in  five  hours  (t. 
Christnias-Dirckinck-Holmfeld). 

Saprol. — Laser  (I8!<2)  reoommendt-  this  agent  for  the  disiDfecti<« 
of  the  excreta  of  cholera  and  typhoid  patients.  lie  reports  that  in  the 
pro|Xirtion  of  1  :  100  it  sterilizes  li<j|nid  fieces  in  twenty-four  hours. 

Bkatol  in  excess  in  water  has  no  germicidal  power,  as  tested  upoo 
anthrax  s()ores  (Koch). 

Smoke. — The  researches  of  Beu  show  that  meats  which  havebecB 
preeervetl  by  smoking  common^'  contain  living  bacteria  capable  61 
growing  in  cnltin-o  mtnlia;  and  Petri  has  shown  that  pork  which  haft 
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been  salted  for  a  month  and  then  smoked  for  fourteen  days  may  still 
contain  the  bacillus  of  rothlauf  in  a  living  condition,  as  shown  by  in- 
oculation experiments.  It  was  not  tmtil  about  six  months  after  smok- 
ing that  the  bacillus  failed  to  give  evidence  of  vitality. 

Thymol. — A  five-per-cent  solution  in  alcohol  does  not  destroy 
anthrax  spores  in  fifteen  days,  but  the  development  of  these  spores 
is  retarded  by  a  solution  of  1 :  80,000  (Koch).  The  anthrax  badllw* 
and  staphylococci  fail  to  g^w  in  culture  media  containing  1  : 3,000 
(Samter).  The  tubercle  bacillus  is  destroyed  by  contact  with  thj'- 
mol  for  three  hours  (Yersin).  Thymol  has  about  four  times  less 
germicidal  power  than  carbolic  acid  (Behring).  Antiseptic  in  the 
proportion  of  1 : 1,340  (Miquel). 

Tobacco  Smoke. — ^Tassinari  found  that  tobacco  smoke  restrains 
the  development  of  bacteria,  and  that  certain  species  failed  to  de- 
velop after  exposure  for  half  an  hour  in  an  atmosphere  of  tobacco 
smoke — spirillmu  of  cholera  and  Friedlander's  bacillus. 
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liliMtd  Serum. — Bacteriologists  liave  long  Ix'eii  aware  of  the  fart 
that  many  species  of  Imcteria,  wht'n  inject-ed  into  the  circulatiao  of* 
living  BJiinml,  soou  disiipj^iear  from  the  blcMHl,  and  that  the  faJoodof 
surh  an  aninitU  a  few  lionrs  after  an  injet-tion  of  putrefactive 
ria,  for  example,  dives  not  contain  living  bacteria  capable  of 
ing  in  a  suitiibl©  nutrient  medium.     Wyssokowitsch,  in  an  e: 
series  of  exixiriineuts,  has  shown  that  non-jiathogeiiie  bacteria  » 
jected  into  the  circuliition  may  be  obtained  in  cultures  from  tbe  liT«r, 
spleen,  kidneys,  and  binie  marrow  after  they  have  disappeared  fron 
the  blo<Ml,  but  thiit,  aa  a  rule,  thotje  present  in  these  organs  have  kat 
their  vitality,  as  shown  by  culture  experiments,  in  a  period  vaiyiif 
from  a  few  hours  to  two  or  throe  days.     According  to  the  theory  rf 
Metschnikoff,  this  destruction  of  bacteria  in  the  blood  and  ti8sue«c/» 
living  animal  is  effected  by  the  cellular  elementti,  and  eepecially  hr 
the  leucocytes,  wliich  pick  up  and  digest  these  vegetable  cells  vpti 
nuK'h  as  an  am(»ha  disiK)»e8  i<f  similar  micn>drganism8  which  mm 
it  jis  food.     Some  sncli  theory  sti-med  iK-cessary  to  account  for  tb* 
disapijcarance  of  Ittic-teria  from  the  bU«»d  before  the  denionstnil>« 
was  made  that  the  i<erum  of  the  circulating  fluid,  quite  indopdi- 
dently  of  its  celhilar  elements,  possesses  verj'  decided   {(lemuod*! 
power. 

Von  Fodor  first  (1 887)  calleil  attention  to  the  fact  that  aathnu  h»- 
cilli  maybe  destroyed  by  freshly  drawn  bkxxl ;  an<l  Xuttall  (isi*,i. 
in  an  extended  8i»ries  of  exi>erimentjj,  showed  that  various  bttdem 
are  destroyed  within  a  short  time  by  the  fresh  blood  of  wam- 
blooded  animals.  Thus  the  anthrax  bacUlua  in  rabbit's  blood  wa* 
nsiially  killed  in  from  two  to  four  hours  when  the  tempenUuiv  w» 
nuiintained  at  37''-38^  C,  and  the  same  resiUt  was  obtained  vith 
pigeon's  blood  at  41°  C.  But  when  the  blood  was  allowed  to  stand 
for  a  considerable  time,  or  was  heated  for  fortj'-five  minutn  to 
45°  C,  it  served  a»i  a  culture  Huid,  and  an  abundant  develo|iaMQ|  cf 
anthrax  Imcilli  occurred  in  it.     BaciUus  subtihs  and  Bacillus  mrpt- 
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theriuin  were  alsu  destroyed  in  twi»  houre  by  fresh  rabbit '.s  blood, 
but  it  waa  withmit  iiction  on  Staj)hyU>ci)ccus  pyogenes  aureus,  which 
at  a  temperature  of  37.5°  G.  was  found  to  have  increased  in  num- 
bers at  the  end  of  two  boun*.  Further  rettearches  by  Nissen  and 
Behring  show  that  there  is  a  wide  difference  in  the  blixxl  of  dif- 
ferent animals  as  to  germicidal  power,  anti  that  certain  bacteria 
are  promptly  destroyed,  while  other  species  are  bimplj'  restrained  for 
a  time  in  their  deveU»pment  or  are  not  affected.  Thus  Nisseu  found 
that  the  cliolera  Hpirilliun,  the  b;icilhis  of  anthrax,  the  bacillus  of 
tj'phoid  fever,  and  Friedlander's  pueumix-occus  were  killed,  while 
Staphylocciccus  pyogenes  aureus  and  aUius,  the  strepto<?<K?cu8  of  erj'- 
sipelas,  the  bacillus  of  fowl  cholera,  the  bacillus  of  rothlauf.  and 
Pn;>teus  hominis  were  able  to  multiply  in  ray»bit'«  UUmkI  after  having 
been  restrained  for  a  short  time  in  tlieir  develupnient.  In  the  case 
of  the  cholera  spinllum  a  j^eriml  of  ten  tn  forty  minutes  sufficetl  for 
the  complete  destruction  of  a  limited  luimlier.  but  when  the  number 
exceeded  l,200,0l»0  per  cubic  centimetre  they  were  no  longer  de- 
stroyed with  certainty,  and  after  five  hours  an  inci-ease  occurred. 
The  anthrax  bacillus  was  coiurnoiily  destroyed  within  twenty  minutes 
and  the  typlund  Iwudllus  at  the  end  of  two  hours.  In  the  experi- 
ments of  Behring  and  Nisson  it  was  found  that  the  mo.st  prunounce«i 
jjennicidal  effect  upon  the  anthrax  bacillus  was  obtained  from  thf 
blool  of  the  rat,  an  animal  wliich  has  a  natural  inununity  against 
anthrax  ;  while  the  bUxttl  of  the  guinea-pig,  a  very  suKceptible  aiii- 
taal,  had  no  restraining  effect  and  served  as  a  favorable  cultuix- 
nie<lium  for  the  anthrax  bacillus.  And  the  i"eniarkable  fact  w.is  dv- 
nioustrated  tliat  when  the  bhxjtl  of  a  rat  was  addeil  to  the  bl<jo4l  of 
the  guinea-pig  in  the  proj^rtion  of  1:8,  it  exerciseti  a  dec-ided  iv- 
tttraiuLDg  influence  upon  the  growth  <.>f  the  anthrax  bacillus.  Later 
researches  have  shown  that  cultivation  in  the  bliHjd  of  an  immune 
animal  causes  an  attenuation  of  the  viridetice  of  an  aiitlutix  cul- 
ture (Ogata  and  Jasuhara)  ;  and  also  that  the  injection  of  the  blo<nl 
of  a  frog  or  rat — naturally  imniuut^ — into  a  susceptible  animal  which 
has  been  inoc-ulated  with  a  virulent  culture  uf  the  authi-ax  bacillus, 
will  prevent  the  death  of  the  imxrulated  animal. 

Buchner  has  shown  that  the  genuicidal  power  of  the  bhxKl  of 
dogs  and  rabbits  d<ies  not  dejiend  uijou  the  presence  of  the  cellular 
elements,  but  is  pi-esent  in  clear  serum  which  has  been  allowed  to 
£e}>arate  from  the  clot  in  a  cool  place.  Exposure  for  an  hour  t<i  a 
te^mperature  of  55"^  C.  destroys  the  germicidal  action  of  serum  us 
well  as  of  blood  ;  the  same  effect  is  produced  by  heating  to  62°  C.  for 
siic  hours  or  to  45. (.»°  C.  for  twenty  hours.  The  genuicidal  powei- 
of  bhx)d  serum  is  not  destrrjyed  by  fi-eezuig  and  thawing,  but  is 
lost  after  it  h'as  If  en  kept  for  some  time.    Buchners  experiments  led 
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him  to  the  coiifhisiau   that  the  germicidal  jxjwer  of    fresh 
serum  depends  upon  the  presence  of  some  albuminous  body 
in  it.     This  view  i.s  Hu»taine<l  by  the  researches  of  OgatA,  who 
t>l)tiiinuil  from  tho  bkwjd  of  do^  and  other  aninialH  a  glycerin 
tract  of  a  "  ferment''  which  is  insoluble  in  alcohol  or  in  eiher  and 
wliich  has  gennlcidHl  pmiK-rties. 

According  tu  Emnu-iich  and  Tsuboi  (1893),  when  the  aenm- 
albumin  is  precipitated  by  alcoiu)!,  dried  in  a  vacuum  at  40"  C,  and 
dissolved  in  water  it  has  no  lunger  any  germici<la)  activity.  But  if 
the  precipitated  and  dried  idbuniin  is  dissolved  at  -iU^  C.  in  n  we«k 
solution  (O.Ofi-O.OS  per  cent)  of  soda  or  potash  it  recovers  its  origiaal 
germicidal  value. 

It  has  been  demonstrated  by  several  experimenters  that  other 
(ifbmn  htous  Jiiiiilfi  ponsess  a  .similar  germicidal  jiower.  Thus  Xuttall 
found  that  ii  pleuritic  exudation  fmm  man  destroyed  the  anthni 
bacillus  in  an  hour,  the  aqueous  humor  of  a  rabbit  in  two  hoon 
Wura  lias  experimented  with  fresh  egg  albumin.  au«l  founil  thatthr 
anthrax  bacilluB  failed  to  grow  after  liaving  l)een  expoMetl  f«»r  an  bow 
to  the  action  of  albumin  f  rt>m  a  hen's  egg ;  other  iHicteria  t»sl«i 
were  not  killed  so  promptly,  but  a  decided  germicidal  a<>tion  in» 
manifented.  Prnddm  Jnuj  shown  that  tlie  albuminous  tluiil  obtatiMd 
fr<nn  a  hydrocele,  or  from  the  abdominal  canity  in  ascites,  paanant 
similar  gennicidal  jiower  ;  and  Fokker  has  demonstrated  that/rwi 
mrfk  destroys  the  vitality  of  certain  bficteria  which  induce  nn  ncii 
fernientatiun  of  tliis  fluid. 

The  results  horetofure  referred  to  induced  Hankin  to  esperiinecit 
wnth  Cflf  ijlithnliiL  obt^iineil  from  the  spleen  or  l,\Tnplmtio  glands  of  a 
«log  or  cat.  This  is  extracted  by  means  of  a  solution  of  chlyridf  </ 
sodium,  the  solution  is  tiltcicd.  and  the  globulin  pre<."i  pita  ted  by  tlr 
addition  of  alcohol.  The  pivcipitate  is  washetl  ami  again  dissolrn: 
in  Ktdt  solution.  The  ivsult  showed  that  this  cell  globulin  poasaaM* 
germicidal  power  similar  to  that  of  blotid  serum. 

Mucus. — The  exj^eriments  of  Wurtz  and  LemioywK  (185)3)  Amm 
that  nasal  mucus  has  germicidal  projierties,  esjwcially  for  theantiinz 
biicilhis.  Widthard  <18!Kt),  in  exjierimentK  with  mucus  fromtb^ntV' 
vix  uteri,  was  not  able  to  demonstrate  any  germicidnl  actioTt,  bat 
arrivwl  at  the  conclusion  that  it  prevents  thedevelopnuent  of  lMrf«<riA 
simply  because  it  is  an  unfavorable  meilium.  Various  bacteria  wef» 
planttnl  u(tonthe  surface  of  cervical  mucus  in  Petri  dishes,  and  pl*cid 
in  the  incubating  oven,  but  all  faile<l  to  grow. 

^'ucleins  from  animal  and  vegetable  cells  have  been  eiiowii  bf 
Professor  Vaughau  and  his  a8So<-iates(1>>(K))  to  possess  considenyi 
germicidnl  ]>owi'r.  The  nudeins  of  animal  origin  woreobtaio«d  ftflB 
the  testes  of  dogs  and  rats.     Dissolve*!  in  a  0.5-per-oent  wJutioo  d 
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caustic  potash  and  then  diluted  with  four  volumes  of  physiologic  salt 
solution  the  g^ermicidal  activity  was  shown  by  the  facts  that  Staphylo- 
coccus pyogenes  aureus,  and  the  anthrax  bacillus  without  spores, 
failed  to  grow  after  twenty  minutes'  exposure.  Kossel  (1893)  has 
obtained  similar  results  with  nucleins  from  the  thymus  gland  of  the 
calf. 

Urine. — The  experiments  of  Lehmann  show  that  fresh  urine  has 
a  decided  germicidal  power  for  the  cholera  spirillum  and  the  anthrax 
bacillus,  and  no  doubt  for  other  bacteria  as  well.  To  what  constitu- 
ent of  the  urine  this  is  due  has  not  been  determined,  but  it  may  be 
due  to  the  uric  acid  present. 
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PRACTICAL  DIRECTIONS  FOR  DISINFECTION. 


The  Committee  on  Disinfectants  of  the  American  Public  Henltii 

Association  (appointed  in  1884),  after  an  extended  investigation  with 
reference  to  the  germicidal  value  of  various  iigents,  in  a  final  rvfwrt 
submitted  in  1887  submits  the  following  *'  Conclusions": 

The  experimental  evidence  i-eeorded  in  this  report  seems  to  jiutify  lit 
following  conclusions: 

The  must  u&ef ul  ugents  fur  the  destruction  uf  spore-contaiuin^  iafectMMi 
muteriul  are — 

1.  Fire.     Completo  destruction  by  burniii^. 

2.  Steam  wider  presAure.     105'  C.  (2tV'  W.)  for  ten  minutes. 
."l.  Boiling  in  unter  for  half  an  hour. 

4.  Chloride  of  lime}    A  four-per-cent  solution. 

5.  Mercuric  chloride.     A  solution  of  1 :  500. 

For  the  destruction  of  infectious  material  which  owe.s  lis  infeetlucpo 
to  tlie  presence  of  inicrouro^unisms  nut  containing  spores,  the  conuninM 
cm  mends — 

1.  Fire.     Complete  destruction  by  burning. 

2.  Boiling  in  tcater  for  ten  minutes. 

;{.  Drn  heat.     110   C.  (230'  F  )  for  two  hours. 
4.  Chloride  of  litnc.     A  two-per-oent  solution. 
r>.  Solution  of  chlorinated  soda.^    A  teii-pt?reent  iwrluUoti. 
G.  Mercuric  chloride.     A  .solution  of  1 :  2,01)0. 
7,  Carbolic  acid.     A  five  jjer-ceut  solution. 
K.  Siilnltate  of  copi>er.     A  five- per-cent  solution. 
».  Chuiriiie  of  zinc.     A  tfni)er-ceut  solution. 

10.  Sulphur  dioxide.*    Exposure  for  twelve  hours  to  an  almoapbaMMB' 
tainiugf  at  least  four  volumes  per  cent  of  this  gua  in   preataee  ti 
moisture. 
The  committee  would  makn  the  following  I'ecommendHtiuiis   with  rrf*' 
n-nce  to  the  practical  upplicatioti  of  the^te  agent«i  fordisinfectiujy;  purytw 

FOR  KXORBTA. 
(<i)  In  the  sickroom: 

1.  Chloride  of  lime  in  solution,  four  per  cent. 
In  the  absence  of  siwi-es: 

2t  Carbolic  acid  lit  solution,  five  per  cent. 

i\,  Sulphate  of  copper  in  solution,  Hve  percent. 

'  Should  contain  at  leiut  twenty-tire  per  cent  of  available  chlurloe, 

*  Sbould  contain  at  Ic(mI  three  per  cent  of  availsble  chlorine. 

*  This  will  require  tlie  combustion  of  l>etween  three  and  four  pounil*  of 
for  every  tliuusaud  cubic  feet  of  air  space. 
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(6)  In  iprivj  vaults: 

1.  Mercuric  chloride  in  solution,  1 :  S(X), ' 

2.  Carbolic  acid  in  solution,  five  per  cent. 

(c)  For  the  disinfection  a,nd  deodonzatiou  of  tlie  surface  of  masses  of  or- 
gaaic  material  in  privy  vaults,  etc. ; 
Chloride  of  lime  in  powder. 

FOR  CUJTHINQ,   BEDDING,   KTO. 

(a)  Soiled  underclotliing-,  bed  linen,  etc. : 

1.  Destruction  by  tire,  if  of  little  value. 

2.  Boiling  for  at  least  half  an  liour. 

3.  Immersion  in  a  solution  of  mercuric  chloride  of  the  strength  of 

1 : 2, 000  for  four  hours. 
■i.  Immersion  in  a  two-per-cent  solution  of  carbolic  acid  for  four  houi-s. 
(6)  Outer  garments  of  wool  or  silk,  and  similar  articles,  which  would  be 
injured  by  immersion  in  Ixiiling  water  or  in  a  diaiofecting  solution; 

1.  Exposure  in  a  suitable  apparatus  to  a  current  of  steam  for  ten  min- 

utes. 

2.  Exposure  to  dry  heat  at  a  temperature  of  110°  G.  (330'  F.)  for  two 

hours, 
(c)  Mattresses  and  blankets  soiled  by  the  discharges  of  the  sick : 

1.  Destruction  by  fire. 

2.  Expo.suw?  to  superheated  steam,  105'  C.  (221°  F.),  for  ten  minutes.  • 

(Mattresses  tu  have  the  cover  removed  or  freely  oi>eued.) 

3.  Immersion  in  boiling  water  for  half  an  hour. 

FURNITURE  AND  A8TICLK8  OF  WOOD,    LEATHER,    AND  PORCELAIN. 

Wiishing,  several  times  rep€ated,  with — 
1.  Solution  of  carbolic  acid,  two  per  cent. 

FOR  THE    PERSON. 

The  hands  and  general  surface  of  the  body  of  attendants  of  the  sick,  and 
of  convalescents,  should  be  washed  with — 

1.  Solution  of  chlorinated  soda  diluted  with  nine  parts  of  water,  1 :  10. 

2.  Carbolic  acid,  two-per-cent  solution. 

3.  Mercuric  chloride,  1 : 1,000. 

FOR  THE  DEAD. 

Envelop  the  body  in  a  sheet  thoroughly  saturated  with — 

1.  Chloride  of  lime  in  solution,  four  per  cent. 

2.  Mercuric  chloride  in  solution,  1 :  500. 

3.  Carbolic  acid  in  solution,  live  per  cent. 


FOR  THE  SICK-BOOM  AND  HOSPITAL  WARDS. 

(o)  "While  occupied,  wash  all  surfaces  with — 

1.  Mercuric  chloride  in  solution,  1;  1,000. 

2.  Carbolic  acid  in  solution,  two  per  cent. 

(ft)  When  vacated,  fumigate  with  sulphur  dioxide  for  twelve  hours,  burn- 
ing at  least  three  pounds  of  sulphur  for  every  thousand  cubic  feet  of  air 
space  in  the  room;  then  wa.sh  all  surfaces  with  one  of  the  above-mentioned 
tlisinfecting  solutioos,  and  afterward  with  soap  and  hot  water;  finally  tlirow 
oi)en  doors  and  windows,  and  ventilate  freely. 

'  The  addition  of  an  equal  quantity  of  potassium  permanganate  as  a  deodorant, 
and  to  give  color  to  llie  solution,  is  to  be  rucommeuded.  [The  writer  no  longer  in- 
dorses this  recommendation.  See  liis  paper  on  '*  The  Diamfectiua  of  Excreta,"  ap- 
pentled.l 
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FOR  MERCHANDISK  AND  THK   UAILB. 

The  disinfection  of  merchandise  and  of  the  mails  will  ouly  be 
under  exceptional  circumstances;  free  aeration  will  usually  be  sufTicieoL 
disinfection  fic'cins  necessary,  fiunisriition  with  sulphur  dioxide  ■will  be  tb* 

only  prafVicjiblt)  meliiod  of  accomplishing'  it  without  injury. 

RAOS. 

(a)  Rags  which  have  been  usea  for  wiping  away  infectious  diadiAifs 
Bhonld  at  once  be  burned. 

(.hj  Rags  collected  for  the  paper-makers  during' the  prevalence  of  aaef»- 
deniic  should  be  disinfected,  before  tliej'  are  compressed  in  bales,  by — 

1.  Exposure  to  superheated  steam  of  105    C.  (221     F.  •  for   ten  miiiulib 

2.  Irnmei'siou  in  builinjf  water  for  half  an  hour. 


SHIPS. 


ia)  Infected  ships  at  sca  should  bo  washed  in  every  acce«sible  placv. 
especially  the  localities  occupied  by  the  sick,  with-- 

1.  Solution  of  mercuric  chloride.  1 :  l.OflO. 

2.  Solution  of  carbolic  acid,  two  per  cent. 
The  bil^e  should  be  disinfected  by  tlie  lilieral  iwe  of  a  strong  solation  i4f 

mercuric  cliloride. 

(b)  Upon  arrival  at  a  quarantine  station,  an  infected  ship  ahonU  ■( 
once  bo  fumigated  with  sulphurous  acid  p»s,  usinic:  three  pounds  of  snlpliv 
fc^r  every  thousand  cubic  rt*et  of  air  space;  the  caryo  sliould  tlieo  be  4i^ 
charged  on  lig-hters;  a  liijoral  supply  of  theconceutrated  dilution  of  memric 
chloride  <foiir  ounces  to  the  gulton)  should  be  thrown  into  tlie  bilj,-*.  aad  it 
the  etui  of  twenty-four  hours  the  bilgfe  watei  should  be  punipe<]  out  aaJ  It- 
placed  with  pure  sea  water;  this  sin lutd  be  reiH-atetl.  A  second  fumintidB. 
after  the  removal  of  the  cjir^i,  is  rccommendcKi;  all  ncees>sible  surfacMtboaU 
be  washed  with  one  of  the  disinfecting  solutions  heretofore  recomoMiMM, 
and  subsequently  with  soap  and  hot  water. 

BDR   RAILWAY  CARS. 

Tlie  directions  jjiven  for  the  disinfection  of  dwellings,  iiospital  vrarda,  w^ 
ships  apply  as  well  to  infected  railway  cars.  The  treatment  of  excrrta  wjtk 
a  disinfectant,  before  they  are  scattei-ed  along  the  tracks,  seems  deair»U*it 
all  times  in  view  of  the  fact  that  tiiev  may  contain  infectious  ^mu.  Ihi*- 
ing'  the  prevalence  of  an  epidemic  of  cholera  this  is  imiierjitive.  Kor  tks 
purpose  the  standard  solution  of  chloride  of  lime  is  recomuieudeiL 

DISIXPECTIOX  BY   STEAM. 

The  Committee  on  Disinfectants,  in  the  above-<iuotctl   "fi^-"'- 
sions,"  recommend-s  the  use  of  "  steam  under  pressure,  105*"  (' 
F,),  for  ten  minutes"  for  the  destruction  of  spore-containini. 
tioHH  material.     Tho  spores  of  all  kaown  pathogenic  l>acteria  .i^-  .. 
Btroycjd  by  a  temporattire  of  100°  C.  maintained  for  five  minutes,  ai 
in  v\evr  of  this  fact  the  temperatiire  fixed  by  the  committoe  is  amfk, 
tind  to  exact  a  higher  temiierature  or  longer  exposure  would  be  la- 
reasonable.     But  in  practical  disinfection  tho  temperature  requifaA 
to  destroy  infectious  matei-ial  is  not  the  only  question  to  be  oooflidcni. 
EkxMiomy  in  the  construction  and  c){K>ration  of  the  steam  disinft 
apparatus  must  have  due  attention,  and  an  important  point 
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to  the  penetration  of  porous.  non-con(lucting  articlcB,  snch  as  rolls  of 
blankelH,  clothing,  etc.  These  poiuts  have  been  the  subject  of  nu- 
merous exj)erimental  investigations,  and  the  prinfiples  involvi-*! 
have  been  elucidated,  especially  by  the  iuvosti^ations  of  Esmarch 
(1887),  of  Btidde  (I8S1>),  and  of  Teuschuer  (isuit). 

It  has  been  shown  that  streaming  steam  is  more  effective  than 
confined  steam  at  the  same  teuiiwrature,  because  it  penetrates  p<3rous 
objects  more  quickly.  Also  that  superheated,  *'  dry  "  steam  is  not  as 
eflfectiv^e  as  flowing  steam  at  HH>°C. ;  on  the  other  hand,  it  c<jrre- 
sponds  in  effectiveness  mth  dry  air,  and  the  temperature  must  be 
raised  to  140°  to  150°  C.  in  order  to  quickly  deetroy  the  spores  of 
bacilli. 

Esmii.reh's  investigations  show  that  streaming  steam  penetrates 
porous  objects,  like  rolled  blankets,  more  readily  than  confinetl 
steam ;  but  the  later  researches  of  Budde  an<l  of  Teuschncr  show 
that  a  temperature  of  100°  C.  is  more  rapidly  reached  in  the  interior 
of  such  rolls  when  the  flowing  steam  is  under  pressure.  With  the 
same  pressure  (fifteen  jKiunds)  a  temixn-ature  of  100"  C.  was  reached 
in  two  and  one-half  minutes  when  the  steam  was  flowing,  and  in 
eleven  minutes  by  steam  at  rest  (Budde).  Intermittent  pressure 
was  not  foimd  by  Budde  to  present  any  atl vantages  over  Cijntinuously 
flowing  st«am  ;  on  the  contrary,  the  time  of  jienetration  was  longer. 

Teuschner,  whose  in^'e8tigations  are  the  most  recent,  arrives  at 
the  following  conclusions : 

1.  Strongly  superheated  steam  is  not  to  be  wwommended  for  pnu-tical 
disinfection.  On  tlie  contrary,  a  sliglit  superlieatitig  of  the  steatn,  such  iis 
oc*Mire  in  the  appumtus  oi  Scbiintnul.  is  not  objectionable. 

2.  Those  forms  of  appantlus  in  which  the  ste.ain  enters  from  ahove  are 
much  safer  and  quicker  in  their  disinfecting  action  than  those  in  which  tliis 
is  not  the  case.  lu  tlie  construction  of  aneh  apparatus  cai-e  must  be  taken. 
in  order  to  secure  penetralion  of  the  objects,  t!iat  the.  air  and  .steam  have  a 
free  escape  below, 

3.  Disinfection  is  hastened  by  nr«?viou9ly  warming  the  apparatus. 

4.  The  most  mpid  disinfecting  action  is  secured  by  the  use  of  streaming 
steam  in  a  state  of  tension  (under  pressure). 

5.  Objects  which  have  been  in  conttict  with  fattv  or  oily  substances 
require  a  longer  time  for  disinfectioa  thatt  those  which  have  not. 

fi.  To  accomplish  disinfection  it  is  neces.sary  to  expel,  as  completely  as 
possible,  all  air  from  the  objects  U)  be  disinfected,  and  also  to  .secure  a  suffi- 
cient condensation  of  the  steam. 

7.  The  condensation  of  the  steam  advances  in  a  sharply  defined  line 
from  the  periphery  to  the  centre  of  porous  objects. 

8.  The  temperature  necessary  for  disinfection  is  only  found  in  the  zone 
where  condensation  has  already  taken  place. 

9.  Only  a  few  centimetres  fi-om  the  zone  in  which  the  temperature  is 
100°  C. — when  disinfection  is  incomplete— there  may  be  places  in  which 
the  temperature  is  4(J°  C,  or  more  below  the  boiling  point. 
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DISINFECTION  OF  THE   HANDS. 

The  importance  of  a  reliable  method  of  disinfecting  the  hands  of 
surgeons,  obstetricitins,  and  nurses  after  they  have  lx<en  in  contact 
with  infectious  material  from  woimds,  puerperal  discharges,  etc,,  a 
iidw  fully  reoo<^ized,  and  Bume  surgeons  consider  it  neceasary  tu 
completely  sterilize  the  hands  before  undertakiug  any  surgical  opera- 
tiou  which  wall  bring  thein  in  contact  mth  the  freslily-cut  tissm 
The  numerous  exj^riiuents  which  have  been  matle  with  a  >new 
ascertaining  the  lK>st  method  of  accomplishing  such  sterilizatiao  rf 
the  hands  show  that  it  is  by  no  means  a  simple  matter  to  eflPect  it 
and  especially  to  insure  the  destruction  of  microorganisms  tx«- 
cealed  beneath  the  finger  nails.  Fiirbringer,  in  an  extended  aenat 
of  e.\:|>eriments  (ISHH),  found  that  a  [ireliininary  dejinsiag  with  eoifi 
and  a  brush  was  even  more  important  tlian  the  degree  of  potency  tt 
the  tlisinfccting  wa^h  subsequently  applied.  He  recommends  tlw 
following  procedure  : 

1.  Remove  all   visible  dirt  fn>m  beneath  and  amund  the  nailiL 

2.  Brush  the  spiices  beneath  the  nails  'vvith  soap  and  hot  wxtot 
for  a  minute. 

3.  Wash  for  a  minute  in  alcohol  (not  below  eighty  per  cent).  aoA. 
before  this  evajwrates,  in  the  following  solution  : 

4.  Wash  thorouglily  for  a  minute  in  a  solution  containing  1  :*08 
of  mercuric  chloride  or  three  per  cent  of  carbolic  acid. 

Ruux  antl  Reynes  tested  the  above  method  of  Furbringer.  and 
found  that  it  gave  l)ettor  results  than  others  previously  proposed,  al- 
though not  always  entirely  succeasful  in  securing  complete  BterilB»- 
tion. 

Boll  has  recently  (1&1»0)  reported  favorable  results  from  thcfnl- 
lo>ving  method  : 

1.  Cleanse  tli<>  liiimr  nail.4  from  visible  dirt  with  knife  or  mtil  wr  ifiii 

2.  Brush  the  hands  for  threo  minutes  with  hot  water  and  potaali  MOfu 
li.  Wash  for  half  a  minute  in  a  three-percent  solution  of  carbolic  Mid, 

and  suljaequontly  in  a  1  :  2,0(KJ  solution  of  mercuric  chloride. 

4.  Rub  the  spaces  beneath  the  nails  and  around  their  margins  tritJi  ie^ 
form  gauze  wet  in  a  tive-per  cent  solution  of  carbolic  acid. 

Welch,  as  a  result  of  extended  experiments  made  at  the  Joha* 

Hi'pkins  H(»spit4il,  recommends  the  ff)llowing  pnxjedure  : 

1.  The  naiLs  are  kept  short  hikI  clean. 

2  The  hands  are  washed  thoroughly  for  several  minutes  with  map  aad 
WBter.  the  water  being  as  warm  as  can  be  comfortably  borne,  and  beiii(  ff^ 
qiMntly  changed.  A  oriuh  sterilized  by  steam  is  used.  The  excoBi  of  m^ 
is  washed  otf  with  water. 

3.  The  liands  arvi  immersed  for  one  or  two  minutes  in  •  warm  aaUirrtw^ 
solution  of  permanganate  of  DOta.sh  and  are  rubbed  over  thnrouj^hly  wilk  a 
stariJized  swab. 
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4.  They  are  then  pliKied  in.  a  wami  saturated  sulutiou  of  oxalic  acid, 
where  they  remain  until  complete  ilocolorizatioa  of  the  permanganate 
occurs. 

5.  They  are  then  washe«l  off  with  sterilized  salt  solution  or  wa1«r. 

6.  They  are  ixnraersed  for  two  minutes  in  sublimate  solution,  1  ;  50it. 
The  bacteriological  esamlnatioii  of  the  skiu  thus  treated  yieltls  almost 

uniformly  negjitive  results,  the  niateriiil  for  the  cultures  bein«f  taken  from 
underneath  and  around  the  nails.  This  is  the  pn>;edure  now  employed  in 
the  gynecological  and  surgical  wards  of  the  hospital. 


I 


THE   DISINFECTION   OF   EXCRETA. 

Tiie  follo\ving  pajier  by  the  present  writer  was  read  Ix'fore  the 
Section  on  State  Medicine  at  the  la.st  (iKi(l)  meeting  of  the  American 
Medical  Association : 

The  Committee  on  Disinfectanbi  appointed  by  the  American  Public 
Health  Association  in  1884,  in  its  final  report  submitted  in  1887,  gives  the 
following  general  direx^tions  : 

"Dismfection  of  Excreta,  <•/<".— The  infectious  character  of  the  deieotions 
of  patients  suffering  from  cholera  and  from  typhoid  fever  is  well  established, 
and  this  is  true  of  mild  cases  and  of  the  earliest  stag'es  of  these  diseases  as 
well  as  of  severe  and  fatal  cases.  It  is  probiible  that  epidemic  dysentery, 
tuberculosis,  and  [>crbaps  diplitheriii,  yellow  fever,  scurlet  fever,  and  typhus 
fever,  may  also  be  transmitted  by  means  of  the  ah'ine  discharifes  of  the 
sick.  It  is,  therefore,  of  the  first  impijrtauce  that  those  shoulabe  disin- 
fected. In  cholera,  diphtlieria,  yellow  fever,  and  scarlet  fever  all  vomited 
material  should  also  be  looked  upon  as  infectious.  And  in  tul>orctilosis, 
diphtheria,  scarlet  fever,  and  infectious  pneumonia  the  sputa  of  iho  sick 
should  bo  disinfected  or  destroyed  by  fire.  It  seems  a*lvisabte  also  to  treat 
the  urine  of  patients  sick  with  an  infecti<jus  disease  with  one  of  the  disinfect- 
ing solutions  below  recomiiiended. 

"Chloride  of  lime,  or  bleaching  powder,  is  perhaps  entitled  to  the  first 
place  for  disinfecting  excreta,  on  account  of  the  rapidity  of  its  action. 

"  The  following  standard  solution  is  recommended: 

"Dissolve  chloride  of  lime  of  the  beH  qnaiittf,'  inpHre  UKitei'.  in  the pro- 
portion of  six  OHiwen  to  one  gallon.  Use  one  ejuart  of  this  solution  for  the 
disinfection  of  eiuOi  discharge  in  cholera,  typhoid  fever,  etc.'  Mix  well  and 
leave  in  the  vessel  for  at  legist  one  hour  before  throwing  into  the  privy  vault 
or  water  closet. 

'■  The  same  directions  apply  t«i  the  disinfection  of  vomited  matters.  In- 
fected sputum  should  be  discharged  directly  into  a  cup  half-full  of  the  solu- 
tion. A  flve-per-cent  Bolution  of  carlwlic  acid  may  be  used  insteatl  of  (he 
chloride  of  lime  solution,  the  time  of  exposure  to  tlie  action  of  the  disinfect- 
ant being  foitr  hours"  (op.  cit.,  pp.  237,  238). 

The  object  of  this  paper  is  to  inquire  whether  these  recommendations, 
which  were  based  upon  the  experimental  data  available  at  the  time  they 
were  made,  are  sustained  by  subsequent  investigations;  and  whether  any 
other  agents  liave  been  shown  to  possess  superior  advantages  for  the  pur- 
pose in  view. 

But  first  we  desire  to  call  attention  to  another  portion  of  the  report  of  the 

'  Oood  chloride  of  tiincehould  cotituin  isX  least  twenly-flvc  per  cent  of  available 
chlorine  (page  92).  It  may  be  purchnsed  by  the  quantity  at  tUrce  and  one-balf  cents 
perpouna.  The  cost  of  the  standard  solutinn  recommended  i."  therefore  but  tittle 
more  than  one  cent  a  gallon.  A  cli-ar  solution  may  be  obtained  by  filtration  or  by 
decantation,  but  the  iaaoluble  se<liment  does  no  harm  and  tbia  is  ao  unnecessary  re- 
flnement. 

■For  a  very  copious  discharge  use  a  larger  quantity. 
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OimmiLtoe  on  Disinfectiinls.     On  page  336  the  fullowiiig  defiiiitioa  of  diss 
fecticm  and  disinft'ctaiits  is  g-iven; 

"  Tlie  object  of  disiafection  is  to  jji-event  the  extension  of  iitfeclioas  im- 
eiises  by  destroying^  tlin  sjietilic  infectious  material  which  gives  rise  to  ihcm. 
This  is  accomplisliod  by  liie  use  of  disinfectants.  There  can  be  no  pvtisJ 
disitifiiction  of  audi  material;  either  its  infecting-  power  in  destroved  or  it  a 
not.  In  the  latter  cose  there  is  a  faihire  to  disinfect.  Nor  can  tKertbevm 
disinfect  ion  in  the  aimence  of  infeeiiotiH  material.'* 

I  itave  italicized  th<'!  liist  sentence  because  I  wish  to  call  especial  "^tytntiw 
t*)  it.  I  am  frequently  asked.  "  What  is  the  liest  disinfectaat  to  put  into  a 
water  closet?  "  Now,  if  a  closet  or  privy  vault  is  resorted  to  only  ny  heallhf 
pei-s  COS  and  no  infectious  material  has  beeu  thrown  into  it,  there  is  nothiaf 
in  it  to  disinfetit,  and  the  i-ecommundation  of  the  Ck>aiimttee  ou  DiuafeO- 
unts  docs  not  apply  to  it  at  all.  It  may  smell  badly,  and  in  thiscaae 
bud  (xlor  may  be  neutralized  by  the  use  of  deiMlorants;  or  we  may  . 
the  putrefactive  decompo^iition  of  its  contents,  and  thus  prevent  tlie' 
tion  of  the  otfen.sive  gases  given  off  as  a  r©.sultof  sucli  decomposition, 
tlie  use  of  antiseptics.  But  to  accomplish  this  it  is  not  necessary  toi 
the  entire  contents  by  the  use  of  active  germicidal  agcnt.s. 

A  soiation  of  sulphate  of  ir<in  or  of  chloride  of  zinc  is  a  useful  antisrptir 
an<l  dcofiorizing  agent,  and  the  Committee  on  Disinfectants,  in  makinjr  itf 
reconinieudations.  did  not  intend  to  discourage  the  use  of  such  a^fenU.  B«l 
exact  experinientjil  data  showed  that  these  agents  could  not  be  d«pMlM 
njfon  for  the  destruction  of  infectious  disease  germs,  and  the  reoonii 
tior>s  made  related  to  disinfection  in  the  strict  and  proper  use  of  the  tei 
above  defined.  This  dotinition  is  nowaccepteil  by  sanitarians  in  all 
of  the  world,  but  many  pntctising  phy.sicians  still  use  the  term  disinfiiclaat 
a.ssynoaymous  with  deodorant.  For  example,  I  find  in  n  rot-»»nt  saaitair 
periodical,  under  the  heading  •' Medical   K.xcerpt,"  an  item  <  'miall» 

Aitifn'cari  Journal  of  Ohtttetrics,  to  which  the  name  of  a  d.  -Iiedff- 

necologist  isatt^iched,  in  which  the  following  statement  is  made  vsah  refcnwe 
to  a  much-advertised  .so-c:ilIcd  "  tlLsinfectant " :  "Asa  disinfectant  I  liMt 
us»hI  it  in  my  house  for  over  a  year  with  great  satisfaction."  Ni»a 
roferi-ed  to  lias  been  jiroved  by  e.tact  experiments  to  have  ooi 
little  dLsinfocting  power,  aUhou"fh  it  is  a  very  good  doodoraul.  .in'onni 
to  our  delLnition,  "the  object  of  disinfection  is  to  prevent  the  ext<tiuioa  of 
infectioas  diseases  by  destroying  the  speciflc  infectious  mati>rial  which  girm 
rise  to  them."  Are  we  to  suppose  that  the  distinguished  gynecologist  iMtt* 
(juoted  had  such  infectious  materialin  his  house  "  for  over  a  year"  at  Ibi 
titue  he  wtis  employing  "  with  great  satisfaction  "  the  agent  he  ii  <  iwiiiwiif 
If  not,  the  terra  was  iinproperfy  employed,  for  "there  can  be  no  'fHt**^ 
tion  in  the  absence  of  infectious  material."  I  wish  to  emphaaixe  *>»i"  poial 
l>ecnuso  I  have  reason  to  believe  that,  in  the  army  at  least,  the  recDOUOfft- 
ilation  of  the  CommitU^e  on  Disinfectants  has  led  to  the  substitution  of  ckl^ 
ride  of  litnc  for  chea[>ur  demlorants  and  anti.scptic  agents — and  espeeiallj  to 
sulphate  of  iron— in  latrines  which  are  frequente<l  only  bv  healthy  pMMM 
and  consequently  need  no  disinfection.  The  amount  ot  chloridfe  ol  liV 
i&sued  from  the  Medical  Purveying  Depot  at  San  Francisco  during  th»  out 
si.K  montlis  for  use  at  military  posts  on  the  PaciHc  coast  is  mors  tEu 
double  the  amount  of  sutpliateof  iron;  but  there  has  been  noepidMDWt' 
an  infectious  dis<^a.se,  and  probably  coirH)aratively  little  call  for  tlM  imtf  • 
disinfecting  agent  in  the  sick-room.  We  quote  again  from  the  repavi  of  H* 
Committee  on  Disinfectants: 

"  In  the  sick-room  wo  have  disease  germs  at  an  advantage,  for  we  know 
whore  to  find  them  as  well  as  how  to  kill  them.  Having  this  knuwlsdfi 
not  to  apply  it  would  be  criminal  negligence,  for  our  etforts  to  rostrielup 
e.xtensiou  of  infectious  di.seases  must  depend  largely  upon  the  proper  wof 
dLsinfertants  in  the  sick-room"  (op.  cit  ,  p.  237). 

'-  The  injurious  con.sequences  which  are  likely  to  result  from  such  mis- 
apprehension and  misu.se  of  the  word  disinfectant  will  be  apprecialfxi 
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it  is  known  that  ret^eiit  i-i-scarL-lu-s  liave  demonstratod  tluit  mniiy  of  the 
agents  which  have  been  found  useful  us  deodorinors  or  as  auLiseplics  are  en- 
tirely wtLhoul  value  for  the  destruction  of  disejise  germs. 

"  This  is  true,  for  example,  as  refjards  the  sulphate  of  inin,  or  copperas,  a 
salt  wliich  has  tx-en  extensively  us4'd  with  the  idea  that  it  is  a  valuable  dis- 
infectant. As  a  matter  of  fact,  sulphate  of  iron  in  saturated  solution  does 
not  destroy  the  vitality  of  di.sease  gfecins.  or  the  infecting'  pjjwer  of  nl.^tenal 
containing  them.  This  salt  is,  nevertheless,  a  very  valuable  antiseptic,  atui 
its  low  price  makea  it  one  of  the  most  available  ajjents  for  the  arrest  of  putre- 
factive dccoinjjosition  "  (op.  cit.,  p,  JiH7j. 

Chloride  ot  lime  is  also  a  valuable  antiseptic  and  deodorant,  and  I  know 
tif  no  objection  to  »ubstitutin]^  it  for  sulphate  of  iron  other  than  the  question 
of  cost.  The  first  cost  of  chloride  of  lime,  by  the  quantity,  is  about  double 
that  of  sulphate  of  in>n.  but  practically  the  difference  is  much  preater,  be- 
cause it  is  necessary  to  preserve  the  chtoride  of  litne  in  air-tight  packages, 
"When  exposed  to  the  air  it  deteriorates  in  value  very  rapidly.  It  is,  there- 
fore, necessary  to  pack  it  in  air-iight  receptacles  which  will  not  lie  injured 
by  the  corrosive  action  of  free  chlorine,  and  in  comparativelv  sTnall  (juanti- 
ties  so  that  tlie  contents  of  a  package  may  be  used  «o<m  after  it  is  opened. 

We  now  proceed  to  consicler  the  experimental  data  relating  to  the  germi- 
cidal value  of  chloride  of  lime. 

The  Committee  on  Disinfectants  gave  it  "the  first  place  for  disinfecting 
cxci-eta,  on  account  of  tlie  rapidity  ofits  action."  This  recommendation  was 
uix>n  experimental  data  obUtined  in  the  pathological  laboratory  of  tlio  Johns 
Hopkins  Universitj-,  under  the  writer's  direction,  and  ia  sustained  by  more 
i-ecent  experiments  made  in  Germany. 

The  experiments  of  Bolton,  made  for  the  Committee  on  Disinfectants  in 
1886,  gave  the  following  results  :  The  time  of  exprwure  being  two  hours,  the 
typhoid  bacillus  and  cholera  spirillum  in  bouillon  cultuivs  wore  killed  by  a 
solution  conUiinina-  one  part  to  one  thousand  parts  of  water  (containing  (i(l3 
per  cent  of  available  chlorine).  Anthrax  spores  were  killi+d  iu  the  same  time 
by  a  solution  containing  0.3  percent  of  available  chlorine.  Typhoid  faices 
were  sterilized  by  a  lwi>  pcr-cent  solution,  and  in  several  instances  by  a  one- 
half-per-cfliit  solution  :  hut  Sftmeresisluulspoivsof  non-pathogenic  bacilli  sur- 
vived in  twoexperiment-s  in  which  a  solution  of  1 :  IDO  was  u.std.  In  bouillon 
cultures  to  which  ten  per  cent  of  dried  egg  albumin  had  boeu  added  the 
typhoid  bacillus  was  destnjyed  by  one-half  (>er  cent  (1 :  2tl0). 

Xissen,  whose  experiments  wei"e  maile  in  Koch's  laboratory  iu  1890,  found 
that  anthrax  si>ores  were  destroyed  in  thirty  minutes  by  a  five- per  cent 
solution,  and  in  seventy  minutes  by  a  one-percent  solution.  In  his  experi- 
ments the  typhoid  bacillus  and  tHie  cholera  spirillum  were  destroyed  with 
certainly  in  tive  minute.**  by  a  aulution  containing  1>.I2  per  cent  (1 :  833) ;  the 
anthra.xbacilhis  in  one  minute  by  1 :  l.ODO;  ■SUiphylococcus  ])yogenes  aureus  In 
one  minute  by  1 :  3011.  Experiments  made  by  the  same  autlior  on  the  sterili- 
zation of  fieces  showed  that  one  per  cent  could  be  relied  upon  to  desti-oy  the 
bacillus  of  typhoid  fever  and  the  spirillum  of  cholera  iu  fuicea  iu  ten  min- 
utes. 

Carbolic  Arid  — The  Committee  on  Disinfectants  says:  "  A  tlve-per-cent 
solution  of  carbolic  acid  may  be  used  instead  of  the  chloride  of  lime  solution, 
the  time  of  exposure  to  the  action  of  the  disinfectant  being  four  hours." 
This  recommendation  is  made  in  view  of  the  fact  that  in  those  diseases  in 
which  it  is  most  important  to  disinfect  the  excreta  the  specific  germ  does  not 
form  spores.  This  is  now  beJieved  to  be  true  of  the  typhoid  bacillus,  the 
spirillum  of  cholera,  the  Ixicillus  of  diphtheria,  the  bacillus  of  glanders,  and 
tne  streptococcus  of  ei'ysipelas;  and  it  has  been  shown  by  exact  experiments 
that  all  of  these  pathogenic  bacteria  ans  destroyed  in  two  hours  by  a  one-per- 
ccQt  solution,  or  less,  of  this  agent. 

Spores  require  for  their  destruction  a  stronger  solution  and  a  longer  time. 
Koch  found  a  one-per-cent  solution  to  be  without  elfect  on  authiux  spores 
after  fifteen  days'  exptwure;  a  two-per-ceut  solution  retarded  their  develop- 
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ment,  but  did  not  destroy  their  vitality  in  seven  days;  a  thi-ee-pfr  rvnt  oU- 
tioii  was  effective  in  two  days.  Acconling  to  Nocht,  at  a  teiiipemtur*  rf 
37.50"  C.  anthrax  spoi-es  are  killed  by  a  five-per-cent  solution  in  U\r>»-  Iiouti, 

Carbolic  at-id  possesses  the  advaiita^  of  not  being  neutral i/'  ^^ik 

stances  found  in  excreta,  or  by  the  in-esence  of  albumin.     Thus  i  utal 

that  the  addition  of  ten  percent  of  drietJ  albumin  to  a  bouilluii  cultui*  iif 
the  lyplioii!  bacillus  did  not  niaterirttiy  in Huence  the  result,  the  baciUui  ^ 
ing  deatroywl  in  two  hours  by  n  one-iior-cent  solution, 

Thitf  lil^nt,  then,  is  lirtnly  cs(i)bli.slit>d  as  a  valuable  disiufectani  for  a> 
creta,  but  we  still  pive  the  preference  to  the  standard  solution  nf  rhlan4 
of  lime  of  tlio  C'onimittee  on  Di.<<infectant-s  for  use  in  the  sick-roooi.  "m 
account  of  the  i-apidity  of  its  action,"  and  also  on  account  tit  itsoi 
tive  cheapness. 

At  tlie  luternutional  Sanitary  Conference  at  Rome  (1885)  the  writsr, 
was  associated  with  Dr.  Koch  on  the  Cuiinnittce  on  DisiiifectanUi,  {WMtOtoil 
the  claims  of  chlorid*' of  linus  »iul  in  the  reconnnen<lation.s  of  th"  eoBUnil- 
tee  it  was  pliiccd  beside  carbolic  acid  with  the  following  dire<*lions: 

"  Carbolic  acid  and  chloride  of  lime  are  to  be  used  in  aqueous  solution. 

"  Weak  solutions,  carbolic  acid,  two  percent;  chloride  of  lime,  one  pr 
cent. 

"Strong  solutions,  carlwlic  acid,  five  per  cent;  •  kloriue  of  lime,  foar  pr 
cent." 

The  stroiiK  solutions  were  to  ]>e  used  for  thedisiufe<-tion  of  excrrla. 

Creolin,  a  coal-tar  proiluit,  which  is  a  syrupy,  dark-brown  lluid  withtW 
CHlor  of  tar,  luis  during  the  (wust  llirec  vcai-s  received  much  atti?ntion  tnm 
the  German  bueteriologisLs.  It  is  (jmoably  the  same  pro<lu«rt  whidi  m* 
teste*!  under  the  writer's  direction  for  the  Cormniltee  on  DiAinfectanti,  i* 
1885,  inider  the  name  of  "  Little's  solnble  phenyle."  It  stotxl  at  Uw  kwi 
of  the  •*  Conimercial  DiHinfectants "'  tested.  The  exi)erinienls  made  in  Gv- 
many  show  that  it  is  not  8o  ai*tive  for  s[)ores  as  carbolic  aciil,  but  tint  it 
very  promptly  kills  known  patliogenie  bacteria,  in  the  absence  of  «pora^ia 
sfilutiotis  of  two  i«*>r  cent  or  less.  Eisenlierg  found  that  a  solution  of  tn 
percent  killed  alt  test  organisms  within  fifteen  minut^^i,  Ksinardi  fcaal 
It  es])e<'ia[]y  fatal  to  the  cholera  spirillum,  which  was  killeil  by  aoiutioMW 
1  : 1,IXH)  in  ten  minutes.  The  typhoid  bacillus  showed  much  jj^TMlcriCHl 
ing  powei- — a  oite-half-iiercent  solution  failetl  after  ten  miiKiten'  njt—n 
The  ])us  ciK'ci  wan  still  more  resistttnt.  Behriiig  has  shown  that  IM  p*' 
sence  of  albumin  greatly  diminishes  it.s  germicidal  ]>ower.  *!  i  tt  JtiJitwMrt 
it  is  superior  to  c4irl>olic  acid,  and  on  this  accoinit  is  to  be  pn-fcrrvol  tB  Ifce 
aick-rooni.  A  recently  pr(>iMtred emulsion  may  l)euse<lto  diftinfeol  thalifui 
excreta  of  cholera  or  typhoid  pittients,  in  the  pnniortiori  of  four  p«T  cent, 
two  luHirs'  time  being  uHoived  for  the  action  of  tlie  dl^infei'Uint.  Tlw  a- 
perimenta  of  Jiiger  \i}um  uiim  cultures  of  the  tubercle  bacillus  mtitchrftr 
silk  thniads  were  successful  in  destroying  the  infecting  power  €>f  th«a  cal- 
tur«^«,  as  tested  by  ittoculation  into  the  anterior  chamix>r  of  tlMj  ere  of  > 
rabbit,  wlieu  solutions  of  two  per  cent  were  used. 

The  value  of  this  agent  us  a  disirifectunt  is  then  fully  rstabludted;  m  fel 
its  cost  in  comparison  with  tlie  agents  heretofore  mentioned  I  am  jmC  ii- 
fornuHl. 

(^uicklinn'. — Exjwrimentfl  made  in  Koch's  laboratory  iu  Iftfff  by  tin- 
rius  led  him  to  place  a  high  value  u|)on  recently  burned  quicklinve  a«  a  <ii» 
infectant.  More  recent  experiments*  by  Jjiger,  Kitasalo,  Pfuhl,  and  otlxn 
have  shown  that  this  agent  has  oonsidemble  germicidal  power  in  the  ifc- 
scnce  of  spores,  and  that  the  value  which  liaa  long  l^een  placed  upon  it  kr 
the  treatment  of  excrementitious  uuiterial  in  latrines,  etc.,  luid  as  a  wwitUt 
exposed  surfaces,  is  justitietl  by  the  results  of  e.xact  expcrimenta  inadenpB 
known  pathogenic  bacteria.  Tliegennicidal  l>owerof  lime  is  m»t  intccfm^ 
with  by  the  presence  of  albuminous  mutcrial,  but  is  iieutrulLced  by  pii^*^ 
ph^teM,  carl)onates,  and  other  Iju.se9«,  and  by  oirbonic  acid. 

In  the  ivriter's  exixiriments  a  saturated  aqueous  solution  of  calcina  aUt 
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failed  to  kill  typhoid  bacilli  ;  but  when  suspended  in  water  in  the  projx>rtion 
of  1  :  40  by  weight  this  bacillus  was  killed  at  the  end  of  twoliours.  Anthrax 
spores  were  not  kilted  in  the  stmie  time  by  a  lime  wiisli  coutaining  twenty 
per  cent  by  weight  of  pure  calcium  oxide.  According  to  KiUisato,  the 
typhoid  bacillus  and  the  cholera  spirillum  in  bouillon  ciiUures  are  destroyed 
by  the  addition  of  one-tenth  per  centof  calcium  oxide.  Pfuhl  experimenttnl 
upon  sterilized  fEeces  to  which  pui-e  cultures  of  the  typhoid  iMcillus  or 
cholera  spirillum  were  added.  Tiie  liquid  dischargesof  patients  witli  typhoid 
fever  or  diarrhoea  were  used  for  the  purpose.  He  found  that  sterihzalion 
was  effected  at  the  end  of  two  hours  by  adtlinpr  fragments  of  calcium  hydrate 
in  the  proportiou  of  six  per  cent,  and  that  three  per  cent  was  effective  in  six 
hours.  When  a  milk  of  lime  was  used  which  could  be  tiioi-oiiffhly  mixed 
with  the  dejecta  the  result  was  still  more  favorable.  A  standai"d  premration 
of  milk  of  lime  containing  twenty  i>or  cent  of  Ciilcinm  hydrate  killed  tl\i^ 
typhoid  bacillus  and  the  cholera  spinllum  in  one  hour  when  added  to  liquid 
fa?ces  in  the  proportion  of  two  per  cent. 

The  cxijoriments  with  this  agent  show  that  time  is  an  important  factor, 
and  tliat  much  longer  exposure.s,  as  well  as  stronjj^er  solutions,  are  rc<iHired 
to  dcslniy  pathogenic  bacteria  than  is  the  case  with  clihwide  of  limo.  For 
tliis  reason  we  still  give,  the  last-named  agent  the  preference  for  the  disinfec- 
tion of  excreta  in  the  sick-room.  But  in  latrines  the  time  required  to  accom- 
plish disinfection  is  of  less  importance,  and  ice  are  dinpofied  to  give  recently 
t/urnfid  quicklime  the  firat  place,  fot'  tfie  diKijtffctiott  nf  ejrcreta  in  privy 
vaults  or  on  the  surface  of  the  ground.  It  may  be  apphed  in  the  form  of 
milk  of  lime,  prejmlned  by  adding  gradually  eiglit  jwrts,  by  weight,  of  water 
to  one  part  of  calcium  hydmte.  This  must  be  freshly  prepure<l,  or  pi-oteoted 
from  the  air  to  prevent  the  formation  of  the  inactive  carbonate  of  lime. 

Accortling  to  Bt^hring,  lime  has  about  the  same  germicidal  value  as  the 
other  caustic  alkalies,  and  destroys  the  cliolera  spirillum  and  the  bticillus  of 
typhoid  fever,  of  diphtheria,  and  of  glanders  after  several  hours'  exposure, 
in  the  proportion  of  lifty  cubic  centimetres  norniallamje  per  lili>e.  Wood 
ashes  or  lye  of  the  same  alkaline  strength  may  therefore  be  substituted  for 
quicklime. 

Finally,  it  must  not  l>e  forgotten  that  we  have  a  ready  nie.ins  of  disinfect- 
ing excreta  in  the  sick-room  or  its  vicinity  by  the  application  of  heat. 
Exact  experimenUs,  made  by  the  writer  and  othei-s.  show  tliat  the  thermal 
death  poiutof  the  follijiwing  pathogenic  bacteria,  and  of  the  kinds  of  virus 
mentioned  is  below  CtF  (J.  (IWFj:  S)Hrillura  of  cholera,  bucilhw  of  aji- 
thrax,  bacillus  of  typhoid  fever,  bacillus  of  diphtheria,  Iwicillus  of  glaiidei's, 
diplococcus  of  pneumonia  (Micrococcus  Pasleuri),  streptococcus  of  erysii>el:»s, 
staphylococci  of  pus,  micrococcus  of  gonorrhoea,  vaccine  virus,  slieep  pox 
virus,  hydrophobia  vinis.  Ten  minutes"  exposiu'e  to  the  tempenituro  men- 
tioned may  be  relied  u[»on  for  the  disinfection  of  material  containing  any  of 
these  iMthogenic  organisms,  except  the  anthrax  bacillus  when  in  the  stage 
of  spore  formation.  The  use,  therefore,  of  boiling  uxkter  in  the  proportion 
of  three  or  four  parts  to  one  part  of  the  material  to  be  dininfected  may  Ije 
*mtSe\y  recommended  for  such  material.  Or,  better  still,  a  ten-i)er-cent  solu- 
tion of  sulphate  of  iix>n  or  of  chloride  of  zinc  at  the  boiling  point  may  be 
naedin  the  .same  way  (three  parts  to  one).  This  will  have  a  higher  bofling 
point  than  water,  and  will  serve  at  the  same  time  as  a  dfixiorant.  During 
an  epidemic  of  cholera  or  tvphoid  fever  such  a  sohitton  might  be  kept  boil- 
ing in  a  proper  receptacle  in  the  vicinity  of  hiispital  wards  containing 
patients,  and  would  Serve  to  conveniently,  promptly,  and  cheaply  disinfect 
all  excreta. 

For  the  disinfection  of  fa^'es  in  privy  vaults,  etc.,  Vincent  (1805) 
gives  the  first  plnce  to  sulphate  of  copper,  which  should  be  used  in  the 
projK)rtion  of  «igbt  to  ten  grammes  per  litre  of  contents,  together 
with  au  e<iual  part,  by  weight,  of  sulphuric  acid. 
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DISINFECTION   IN    DIPHTHERIA. 

At  tho  ineetinp:  of  the  Tentli  Iiitenuitional  Medical  Congre»  in 
livrliu  (IS'j(j)  Luffltn-  maJe  an  inijiurtant  communication  ufxin  th» 
lui'JiJ^iiros  to  bt"!  taken  t<>  prevent  the  sjn-oful  of  tlijihtliHrisi.  His  COB- 
rliKsions  are  siiminiirizetl  as  follows  ; 

1.  The  cause  of  fliphtheria  is  th*?  diphtheria  bacillus,  which  is  found  in  the 
secretioua  of  the  alfecU'd  mucous  mombi-ane. 

2.  With  this  .secretion  it  is  distributed  oul.side  of  the  body  and  may  '» 
deposited  UjKjn  anything  in  the  vicinity  of  the  sick. 

.'{.  Those  sick  with  ifiplitheria  Ciirry  about  bacilli  capable  of  infectinf 
otiiers  so  long  an  there  is  the  alightet^t  trace  of  diphtheritic  deposit,  aud  eva 
for  several  daj-s  after  sucli  deposit  has  disappeai"ed, 

4,  Those  sick  with  diphtheria  are  to  be  rigidh'  isolated  so  loiip  aw  lb- 
di|>htberia  biicilH  ai-e  pi"e.sent  iu  their  secretions.  Children  who  have  betJi 
sick  with  dipbtberia  should  be  kept  from  sc-hool  for  at  least  four  WMkk 

5,  The  dipbtberia  bacilli  may  preserve  their  \itality  in  drie<l  rr»<nn««t> 
of  diphtheritic  membrane  for  four  or  five  months.  Therefore  all  objrel* 
wiiicfi  may  have  been  exposed  to  contact  with  the  excretions  of  tbot*  sirt 
with  diphtheria,  such  as  linen,  bedclothing^,  utensils,  clothing  of  nursn-s  »•. 
should  be  disinfected  by  boihng  in  wator  or  treated  with  st4»im  at  !'►  ' 
In  Ihc.same  way  the  rooms  occupied  by  diphtheria  patients  an?  to  lje  e^n- 
fully  disinfected.  The  Horn's  should  be  i-epeatedly  scrubU'd  with  hot  sub 
liniate  solution  (I ;  1,UIX>)  and  the  walls  rubbed  down  with  bread. 

The  recommendation  made  by  Loffler  with  reference  to  rubbing 
down  the  walls  of  an  infected  apartment  with  bread  is  baiied  upio 
tlie  exi»erimeuts  of  Esmurch  (1887),  as  a  result  of  which  ho  arrireii 
at  the  conclusion  that  tFii.s  is  the  most  reliable  method  of  remoring 
bacteria  attiiched  to  tJie  walls  of  an  ajwirtment.  Fresh  bread  ia  tised. 
and.  after  ha\-iuj?  I^een  used,  is  destroyed  by  burning.  Wo  yai^ 
tiiat  thiH  metluHl  wuidd  he  f»iK"cially  a])plicable  to  p:iint4>d  surfaces 
or  to  wallH  covered  with  pa] MM".  For  pla.*itered  walls  the  liherxl  afv 
plication  iif  lime  Wii^h  is  probably  the  s^ifest  method  of  disiafocttoa. 

It<'«f)itly  thi-  u.s<>  of  iIh'  vaj)ors  of  foriiuddebyde  has  Ikh-u  pn»|MMud  for  tte 
disinfection  of  the  sick-nxini,  hospital  wanls.  etc.  Mi<|uel  ( ISIM)  dors  ool 
think  favorably  of  this  agent  for  the  iiuriwsc  indicattH:!.  althou^'h  it  l«i  a  very 
active  germicide  and  may  Ik-  ustnl  witli  aavanu^jf«>  to  di.sinfe<'t  I'ortain  articki 
which  can  be  exjioseil  to  the  vajiors  in  a  clost'd  receptacle,  and  which  woalil 
l>e  injured  by  e\]M inure  to  steam.  I^buiann  (l!^n3)  lias  shown  that  mlirlw 
of  leather.  wix)l,  or  silks  and  furs  nuiy  Ix-  disinfected  in  this  way  withooiiB- 
jury,  but  tlie  va]M.>r  will  nut  [M-nftrate  to  the  itit«Tior  of  bundlrw.  ThrulllMV 
last  name<l  considers  it  es|>ecially  well  adanted  for  thi»  disinfet-Uon  of  |«tir^ 
i)i'iisli)>s  and  cfinibs.  The  di.sinfWtion  of  the  .sick-nK>n>  and  itM  eontmiUln 
nirans  of  ammonia  has  l»een  projHHSfd  by  von  RiglerdHiKti.  Hi»fx|iCTiumili 
led  bim  to  tlie  conduMon  that  one  kilo  of  liipiid  anmionia.  poured  mlo  aW- 
low  dishes,  Would  sullice  for  the  disinfection  of  one  hundrt'd  cubic  metnuef 
«1MM"H.  including;  han^'iogs.  furniture,  etc.    The  carefully  conducUsl  expw» 

ihcnl*  of  de  Ki-eudenreich  (1893)  did  not  give  results  favorabh*  to  tlitb ^ 

of  diitinfrctipn. 
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Many  of  the  saprophj-tic  bacteria  are  pathogenic  for  man,  or  for 
le  or  more  aj)ecie8  of  the  lower  animals,  wlien  by  accident  or  ex- 
?rimental  intx-ulation  they  obtain  access  to  the  body  ;  these  may  be 
designated  facultative  parasites.  Other  s[)ecie8  which,  for  a  time 
at  least,  are  able  to  lead  a  sjiprophrtic  mode  of  life  have  their  nor- 
mal habitat  in  the  bmlies  of  infected  animals,  in  which  they  pnMhife 
specific  infectious  diseiiHes.  To  this  cIhhs  l>eIong  the  cholera  spirillum, 
the  anthrax  bacillus,  the  bacillus  of  typhoid  fever,  and  various  other 
raicnx'irganismb  which  are  the  cause  of  wpivific  infectiuus  disesist's  in 
some  of  the  lower  animals.  These  we  may  s|jeak  of  oh  jHiranifes 
and  factilfaiive  saprophytes.  Still  others  are  strict  paranitt's  and 
do  not  find  the  conditions  for  their  development  outside  of  the  bodies 
of  the  animals  which  they  infest,  except  under  the  sjjecial  conditions 
in  which  bticteriologists  have  succeeded  in  cultivating  some  of  thom. 
The  beet  known  strict  parasites  are  the  tuljcrcle  bticillus,  the  bacillus 
of  leprosy,  the  spirillum  of  relapsing  fever,  and  the  micrococcus  t)f 
gonorrhoBa. 

There  can  be  but  little  doubt  that  even  the  strict  parasites,  at  some 
time  in  the  past,  were  also  sa]>rophj-tes,  and  that  the  a*iaptation  to  a 
parasitic  mode  of  life  was  jfrmlually  effected  under  the  laws  of  natural 
selection.  In  a  previous  chapter  (Section  III.,  Part  Second)  we  have 
referred  to  the  modifications  in  biological  characters  which  may 
occur  as  a  result  of  special  conditions  of  environment.  Thus  w*>  may 
obtain  non-chromogenic  varieties  of  species  which  usuaUy  pr<Hluce 
pigment,  or  non-jiathogenic  varieties  of  bact+^ria  which  are  usually 
pathogenic.     There  is  also  e^ndeuce  that  the  tulii'rclc  bacillus,  a  strict 
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j>ai'asik\  may  be  so  niCHlifietl.  hy  oultivation  for  successive  genera- 
tions in  a  culture  medium  containing  glycerin,  tluit  it  will  finally 
grow  in  onlinary  lx?ef  infusion,  thus  showing  a  tendency  to  adapt 
itself  to  a  saprophytic  rnotle  of  life. 

Some  of  the  saprophytic  bacteria  are  indirectlj'  pathogenic  by 
reascjn  of  their  power  to  multiply  in  articles  of  food,  such  as  milk, 
cheese,  fish,  sausage,  etc.,  and  there  produce  poisonous  ptomaines 
which,  when  these  articles  are  ingested,  give  rise  to  various  morbid 
symptoms,  such  as  vomiting,  gastric  and  intestinal  irritation,  fever, 
etc.  Or  similar  symptoms  may  result  from  the  multiplication  of 
bricferictproilttciiHj  hwic ptomaines  in  the  aii)netitary  canal.  No 
«Uiul)t  gastric  and  intestinal  disorders  are  largely  due^  to  tliis  cause, 
and  may  l)e  induced  by  a  viiriety  of  siiprophytic  bacteria  when  these 
establish  themselves  in  undue  niunbers  in  any  portion  of  the  ali- 
mentary tract.  In  Asiatic  cholera  the  same  thing  occurs,  but  with 
more  fatal  results  from  the  introduction  of  the  East  Indian  cholent 
germ  discovered  b^-  K<j<:'h.  This  is  pathogenic  for  man,  because  it  is 
able  to  multiply  rapidly  in  the  human  intestine,  and  there  produces  a 
toxic  substance  which,  being  absorbed,  gives  rise  to  the  morbid  pheno- 
mena of  the  disease.  The  spirillum  itself  does  not  enter  the  blood  or 
invade  the  tissues,  except  to  a  limited  extent  in  the  mucous  coat  of 
the  intestine,  and  the  true  explanation  of  its  jjathogenic  power  is  no 
doubt  that  which  has  Ik'cu  given. 

Other  microonj<tni.'iiuii  invade  the  tissues  and  multiply  in  cer- 
tain favoraltte  localities,  but  have  not  the  power  of  developing  in  the 
blood,  in  which  they  avo  only  fomid  occiisioually  and  in  very  small 
numbers  or  not  at  all.  Thus  the  typhoid  bacillus  locates  itself  in  the 
intestinal  glands,  in  the  spleen,  and  in  the  liver,  forming  colonies  of 
limited  exteut,  and  evidently  not  tiinliug  the  conditions  extremely 
favorable  for  its  growth,  inasmuch  as  it  does  not  take  complete  pos- 
session of  these  organs.  Tbe  symptoms  which  result  from  its  pre- 
sence are  doubtless  jjartly  due  to  local  irritation,  disturbance  of  func- 
tion, and,  in  the  case  of  the  intestinal  glands,  necrotic  changes 
induced  by  it.  But  in  tuldition  to  this  its  pathogenic  action  dei>en«ls 
iijwn  the  production  of  a  j>oisc)iious  ptutnaine  which  has  been  isolated 
and  studied  by  the  German  chemist  Brieger  (tyjihotoxine). 

Certain  saprophytic  biicteria.  when  injected  beneath  the  skin  of  a 
susceptible  animal,  multiply  at  the  ptjint  of  inoculation  and  invade 
the  surrounding  tissues,  giving  rise  in  some  inst-iinces  to  the  forma- 
tion of  a  local  abaceas,  in  others  to  an  infiltration  of  the  tissues  with 
bloody  serum,  and  in  others  to  extensive  necrotic  changes.  Theiw 
local  changes  are  due  not  simply  to  tilie  meohani<'al  presence  of  the 
microorganisms  which  induce  them,  but  to  chemical  products  evolved 
during  the  growth  of  these  pathogenic  bacteria.     Indeed,  their  patho- 
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genie  power  evidently  depends,  in  some  instunces  at  k'Jist,  upon  these 
toxic  products  of  their  gro^vth,  by  which  the  vital  resisting^  fKjwer  of 
the  tissues  is  overcome. 

Among  the  bticteria  which  in  this  way  pro<luco  extensive  local 
inflammatory  and  necrotic  changes  are  certain  anaerobic  species 
found  in  the  soil  and  in  putref ving  material,  such  aa  the  bacillus  of 
maligTuint  cedenia  imd  the  writer's  Bacillus  cadaveris.  The  bacillus 
of  symptomatic  anthrax,  an  mfectious  disease  of  cattle,  acts  in  the 
same  way.  All  of  these  prmluce  toxic  substance-s  which  have  a  very 
pronounced  local  ju?tion  upon  the  tissues  invatletl  by  them.  Otlier 
bacteria,  while  they  develop  chiefly  in  the  vicinity  of  the  \mnt  vf 
entrance — by  accident  or  by  in<X'iilation — produce  a  }K)tent  toxic  sub- 
stance which  gives  rise  to  general  s,>nuptoms  of  a  serious  character, 
such  as  tetanic  convulsions  (bacillus  of  tetanus)  or  intense  fever  and 
nervous  phenomena  (micrococcus  of  erysipelas).  Again,  the  local 
irritation  resulting  from  the  presence  of  parasitic  bacteria  may  pri- 
marily give  rise  to  the  formation  of  new  growths  having  a  low  grade 
tof  vitahty,  which  later  may  undergo  necrotic  changes,  as  in  tubercu- 
losis, glanders,  and  leprosy.  In  this  case  constitutional  symptoms 
are  not  present,  or  are  of  a  mild  character  during  the  development 
of  these  new  formations,  which  apparently  result  from  the  locul  ai-- 
tion  of  8ul>stances  eUminated  during  the  growth  of  the  parasite, 
rather  tluvn  from  its  simple  presence.  This  is  an  inference  ba-sed 
upon  the  fact  that  non-living  particles,  or  even  living  parasites,  as  in 
trichinosis,  do  not  produce  similar  new  growths  comjiosed  of  cells, 
but  become  encyste^l  in  a  fibrous  capsule. 

In  pneumonia  we  have  a  local  process  in  whicli  one  or  more  lobes 
of  the  lung  are  invaded  by  a  pHthogeiiic  inicrococcus  (Micrococcus 
pneumoniie  crou[j<JSie)  which  induces  a  fibrinous  exudation  that  com- 
pletely tills  the  air  cells.  How  far  the  sjTnptoms  of  the  disease  are 
due  to  the  kx-al  inflammation  and  disturbance  of  function,  and  to 
what  extent  they  may  l>e  due  to  the  absorption  of  a  soluble  toxii- 
substance  evolved  as  a  result  of  the  growth  of  the  micrococcus,  has 
not  been  detennined.  But  the  mild  character  of  the  general  s\Tnp- 
toma  when  a  limitjed  area  of  lung  tissue  is  involved  leiuls  to  the  in- 
ference that  the  pathogenic  ]>ower  of  this  particular  pathogenic 
niicrcjorgjmism  is  chiefly  exercised  locally. 

The  pus  cxK-ci  aiui  various  other  saprophytic  bjicteria,  when  intro- 
duced beneath  the  skin,  give  rise  to  the  forniaft'ou  of  abscess f-"^,  un- 
attendetl  by  any  very  considerable  geuertd  dissturbance  ;  and  als*j  to 
secondary  purulent  accumulations — metastatic  abscesses. 

Tliat  this  is  not  due  simply  to  their  mechanical  presence  is  shown 
by  the  fact  that  powdered  glass  and  other  inert  substances,  when 
thoroughly  sterilized,  do  not  give  rise  to  pus  formation  when  intro- 
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duced  beneath  the  skin  or  injected  into  the  cavity  of  the  abdooMB. 
Oil  the  other  liand,  it  h^is  been  demuiistrHted  by  tlie  oxi)erim0ntK  tH 
Grawitz,  De  Bary,  and  others  that  certain  chemical  suhstaooH 
which  act  as  local  irritants  when  broiig-ht  in  contact  with  the  tunM 
may  induce  pus  formation  quite  independently  of  microdrgHnisms 
iiitrato  of  silver,  oil  of  turjwntine,  and  strong  liquor  ammonite  ban* 
Wvn  shown  to  possess  this  power.  And  it  hiis  been  deinori><trated  be 
the  recent  experiments  of  Buchner  that  sterilized  cultures  of  a  loof 
list  of  different  bacteria — seventeen  species  tested — grive  rise  to  wp- 
puration  when  intro.luced  into  the  sulwutaneous  tisanes. 

Buchner  has  further  sliown  that  this  pniperty  of  inducing  pusf(K- 
mation  resides  in  the  deail  bacterial  cells  and  not  in  soluble  prodaci» 
present  in  the  cultures.  For  the  clear  fluid  obtiuned  by  paasin^ 
these  sterilized  cultures  through  a  jHircelain  filter  gave  a  negative  i»^ 
suit,  while  the  bacteria  retained  by  the  filter,  although  no  louger 
capable  of  development,  having  been  killed  by  heat,  invariaUv 
caused  suppuration. 

Individuals  suffering  from  malnutrition  are  more  susceptible  to 
invasion  by  sitecifie  disease  germs  or  by  the  common  pus  oood 
than  are  those  in  vigorous  health.  Thus  the  sufferers  from  stanra- 
tion.  from  crowd  poisoning,  sower-gas  iKntkMiing.  etc..  are  not  only 
liable  to  be  early  victims  during  the  prevalence  of  an  epidemic  <!•*• 
ease,  but  are  very  subjeot  to  abscesses,  boils,  ulcers,  etc.  A  sligbt 
abrasion  in  such  an  individual,  inoculated  by  the  ever-present  pn 
cocci,  may  give  rise  to  an  obstinate  ulcer  or  a  plilegmonous  ioflAin- 
.nation. 

In  the  same  way  some  of  the  ordinary  saprophj-tes,  'which osoaBj 
have  no  jKithogenic  jiowcr,  may  be  pathogenic  for  an  animal  who* 
strength  is  reduced  by  disease  or  injury.  Thus  necrotic  change 
may  ocour  in  injured  tissues,  or  in  those  which  liavea  deficient  blood 
supply — from  occlusion  of  an  artery,  for  example — due  to  the  proaeaci 
of  putreftictive  bacteria  which  are  incapable  of  development  in  tia 
rircidation  of  a  healthy  animal  or  in  healthy  tissues.  We  inaj  also 
have  a  progress  ire  gitmjrenc,  due  to  infection  of  wounds  by 
which  are  able  to  inviide  healthy  tissues.  Tliis  is  seen  in  tlltl 
called  hospital  gangrene,  which  is  undoubtedly  due  to  microdrgaB' 
isms,  although  the  species  concerned  in  it**  protluction  \v,%»  not  ham 
determined,  owing  to  the  fact  that  modem  bactcnolojpsts  have  faal 
few.  if  any,  opiwrtuiiities  for  Btud>-ing  it.  The  history  of  the  diaeMB. 
its  rapid  extension  in  infe<.;te<l  surgical  wards,  the  extensive  aliaig^ 
ing  which  occurs  within  a  few  hours  in  proWously  healthy  woMlA 
and  the  effect  of  deep  cauterization  by  the  hot  iron,  nitric  add,  or 
bromine  in  arresting  the  progress  of  the  disease,  all  support  thia 
of  its  etiolog}'.     \Vliether  it  is  due  to  a  specific  patho^nic 


MOD£8   OK  ACTION. 


225 


I 

I 


organism,  or  to  exceptional  pathogenic  power  acquired  by  some  one 
of  the  common  bacteria  which  infest  suppurating  wounds,  cannot  be 
determined  in  the  absence  of  exact  experiments  by  modem  methods. 
But  the  latter  view  has  seemed  to  the  Avriter  the  most  probably  cor- 
rect. There  are  many  facts  which  go  to  show  that  pathogenic  viru- 
lence may  be  increased  by  cultivation  in  animal  fluids,  and  where 
woundetl  men  are  brought  together  iinder  unfavorable  sanitary  con- 
ditions, as  has  been  the  case  where  hospital  gangrene  has  made  its 
appearance,  it  may  be  that  some  common  saprophyte  acquires  the 
power  of  invading  the  exposeti  tissues  instead  of  simply  feeding  upon 
the  secretions  which  bathe  its  surface. 

Koch  has  described  a  progressive  tissue  necrosis  in  mice,  due  to  a 

streptococcus,  which  he  first  obtivined  by  inoculating  a  mouse  in  the 

[  «Br  with  putrid  material.     The  morbid  process  is  entirely  local  and 

rapidly  progressive,  causing  a  fatal  termination  in  about  three  days, 

without  invasion  ol  the  blood. 

In  diphthert'tic  inJlanii»attoti.t  ot  mucous  membranes  we  have 
a  local  invasion  of  the  tissues  and  a  characteristic  plastic  exudation. 
In  true  diphtheria  the  local  inflammation  and  necrotic  changjes  in 
the  invaded  ti.ssues  are  not  sufficient  to  account  for  the  serious  gen- 
eral symptoms,  and  wo  now  have  experimental  eWdenee  that  the 
diphtheria  bacillus  protluces  a  very  potent  toxic  substance  to  which 
these  sjTnptoms  are  no  doubt  largely  due.  The  diphtheria  bsicillus 
of  Loffler  apjiears  to  be  the  cause  of  the  fatal  maliuly  which  goes 
by  this  name,  but  undoubtedly  other  microorganisms  may  be  con- 
cerned in  the  formation  of  diphtheritic  false  membranes.  In  cer- 
tain fonus  of  diphtheria,  and  especially  when  it  occurs  as  a  com- 
plication of  scarlet  fever,  measles,  and  other  diseases,  the  Klebs- 
L.f)ffler  bacillus  is  absent,  and  a  streptococcus,  which  apjwars  to  be 
identical  "with  StreptiKOCcus  pyogenes,  is  found  in  considerable  num- 
bers and  is  probably  the  cause  of  the  diphtheritic  inflammation. 
An  epidemic  of  diphtheria  occurring  among  calves  was  studiotl  by 
Loffler,  and  is  ascrilxKl  by  him  to  his  Bacillus  diphtheriee  vitulo- 
rum.  The  same  bacteriologist  has  sho\v^l  that  the  diphtheria  of 
chickens  and  of  pigeons  is  due  to  a  specific  bacillus  which  differs 
from  that  found  in  human  diphtheria,  and  which  he  calls  Bacillus 
diphtheriie  colunibrarum. 

Recently  Prof.  Welch  has  studied  the  histological  lesions  pro- 
duced by  filtered  cultures  of  the  diphtheria  bacillus.  Cultures  in 
glycerin -bouillon,  several  weeks  old,  were  filtereti  through  porce- 
lain, and  the  sterile  filtrate  was  injected  beneath  the  skin  of  guinea- 
pigs.  One  cubic  centimetre  of  this  filtrate  was  injected  into  a  gui- 
Tiea-pig  on  the  10th  of  December,  and  two  cubic  centimetres  more  on 

the  14th  of  the  same  mouth.     The  animal  succumbed  at  the  end  of 
15 
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three  weeks  and  five  Jays  after  the  fu-st  inoculatu>n.  At  tJia 
'*  the  lyniphHtic  glands  of  the  inguinal  and  axillHrv  n^ions 
found  to  1*0  enlarged  and  retldened;  the  cervicttl  gUuuls  were  smilki 
and  the  thynnd  gland  was  greatly  eongestetl,  Tliort*  was  a  ixnaieh 
able  excess  of  clejir  fluid  in  the  peritoneal  cavity.  Both  layers  of  d» 
j)erit<meuni  were  rwldened,  the  vessels  of  the  visceral  layer  boii^ es- 
pecially injected.  The  spleen  was  enlarged  to  double  the  avcngt 
size;  it  was  mottled,  and  the  white  follicles  were  distinctly  outlisoi 
against  the  red  ground.  The  liver  was  dark  in  color  and  cantaiseJ 
much  blood.  .  .  .  The  kiilneys  were  c«>ngested  and  the  cut  saltan 
was  cloudy.  .  .  .  The  pericanlial  stvc  wfis  distended  with  cI^at  m- 
rum.  Under  the  efiicardiurn  were  many  ecchyniotic  spots.  The 
lungs  exhibited  areas  of  intense  congestion  or  actual  hsinurriufc 
into  the  tissues.  .  .  .  The  histological  lesions  in  this  case  are  ideoli- 
cal  with  thiise  observed  by  us  in  connection  with  the  inoculatiao  of 
the  li\'ing  organisms." 

To  what  extent  non-specific  vutitrrhal  inflomiiuth'intx  of  rnuoiiB 
menxbranes  are  caused  by  the  local  action  of  mit-nWirganisiius  faat 
not  been  determined,  but  in  gonorrhoea  the  pnx>f  is  now  fXMMldavd 
satisfactory  that  the  "  gonocoocus  *'  of  Neisser  is  the  caoaeof  llv 
intense  local  inflammation  and  punilent  discharge.  In  tbia  dinwv 
the  action  of  the  pjithogenic  microorganism  seema  to  be  limited  i- 
the  tissues  invsuled  by  it,  as  there  is  no  general  systemic  disturbtkik^ 
indicating  the  absorption  of  a  toxic  ptomaine. 

Chronic  catarrhal  inHammationa  appear,  in  some  caaesak  \tmtt, 
to  l»e  kept  up  by  the  presence  of  micnxJrganisms,  w^hich  ar«  alwwn 
found  in  the  discharges  from  inrtametl  mucous  surfaces. 

The  inlluence  of  micro<Jrgaaism»,  and  especially  of  the  pu^ 
in  preventing  the  prompt  healing  of  wounds,  is  now  well  estaL^^-^ 
An  extensive  suppurating  wound  or  collection  of  pus,  espeoaDjr  if 
putrefactive  bacteria  are  present,  causes  fever  and  nervoas  sjnp 
toms,  due  to  the  absorption  of  toxic  products.  More  intenae 
sjTnptoms  result  from  the  presence  of  the  streptococcus  of  pal 
from  the  less  pathogenic  staphylociKci ;  this  is  seen  in  erjoipshlav 
intlammutions  and  in  puerperal  metritis  due  to  the  presoaoB  of  tUl 
micrococcus.  Like  the  other  pus  ceK-ci,  the  Strept«c«x5<TUi»  pjogeatt 
does  not  usually  invade  the  blood,  but  when  introduced  into  theai^ 
cutaneous  tissues  it  itutuees  a  local  iiiHammatory  prooeas,  with  « if- 
deiicy  to  pus  formation,  and  it  invadt>s  the  neighboring^  lytnph  daa- 
nels,  in  which  the  conditions  appear  to  be  especially  favorable  foriit 
multiplication. 

Finally,  certain  pathogenic  Iiacteria,  when  intrtMluced  iotu  tte 
bodies  of  susceptible  animals,  (juickly  invade  the  blood  and  malblfy 
in  it.     In  so  doing  they  necessarily  interfere  with  its  pbyttokckri 
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functions  by  appropriHting  for  Ihoir  own  u.se  mjiterial  required  for 
the  nutrition  uf  the  tiHsues ;  and  at  the  same  time  toxic  substances 
are  formeil  whkh  play  an  important  jmrt  in  the  protiuction  of  the 
morbid  phenomena,  which  in  this  class  of  di8eas<»s  very  commonly 
lead  to  a  fatal  result.  The  pathogenic  bacteria  which  invmle  the 
bl«HKl  may  also,  in  certain  cases,  give  rise  to  local  neci-osis  and  dis- 
til rbimco  of  function  in  various  organs  in  a  mechanical  way  by 
blocking  up  the  cajiillaries. 

The  invasion  of  the  blood  whicli  in'curs  in  anthi>iJC  and  in  vari- 
ous forms  of  septicteniia  in  the  lower  animjils,  indiict-d  by  sulK!uta- 
neous  inocuhition  with  pure  cultures  of  certain  pathng«'nic  bacterif), 
does  not  generally  immediately  follow  tlie  inoculation.  Usually  a 
considerable  lixjal  development  firet  occurs,  which  gives  rise  to  more 
or  less  inHammation  of  the  invaded  tissues,  and  very  commonly  to 
an  effusion  of  bloody  st>rum  in  which  the  pathogenic  microorganism 
ia  foimd  in  great  numbers.  Even  in  susceptible  animals  the  bhxKl 
seems  to  offer  "a  certain  resistance  to  invasion,  wliich  is  overcome 
after  a  time  by  the  vast  number  of  the  parasitic  host  located  in  tlie 
Ancinitj'  of  the  point  of  intK'idation,  aided  probably  by  the  toxic  sub- 
stances developed  as  a  result  of  their  vital  activity. 

The  experiments  of  Cheyne  (lS8i>)  seem  to  show  that  in  the  case 
of  ver>'^  pathogenic  species,  like  the  anthrax  bticilhts  or  Ki>Gh's  bacil- 
lus of  mouse  septiceemia,  a  single  bacillus  intru<luced  subcutam^iusly 
may  pnxiut*  a  fatal  result  in  the  most  Kusci']>tible  animals,  while 
greater  numbers  are  reifuired  in  those  which  are  less  ausceptibU'. 
Thus  a  guinea-pig  succumbed  to  general  infection  after  being  iiux:u- 
lated  Bubcutaneously  with  anthrax  blowl  diluted  to  such  an  extent 
that,  by  estimation,  only  one  bacillus  wsis  present  in  the  fluid  in- 
jected ;  and  a  similar  result  in  mice  was  obtaineil  with  Bacillus 
murisepticus.  In  the  case  of  the  microl)e  of  fowl  cholera  {Bju-illus 
aepticfemise  hjEmorrhagicte)  ChevTie  found  that  for  rabbits  the  fatal 
dose  is  30(),(XM1  or  more,  that  fn>m  IO.(hh)  to  3(Jii,000  cause  a  local 
abscess,  and  that  less  than  10,000  produce  no  ajipreciable  effect. 
The  cojnmon  saprophyte  Proteus  vulgaris  was  found  to  l>e  patho- 
gem'c  for  rabbits  when  injected  into  the  dorsad  muscles  in  sufficient 
numbers.  But,  accorrling  to  the  estimates  made,  U25,00(),O00  were 
required  to  cause  death,  while  with  doses  «>f  from  fi,0(X),ODO  to  IVi,- 
OOO.tXIO  a  local  abscess  was  protluced,  and  leas  tlian  'J,0(X),(X)0  gave 
an  entirely  negative  result. 

Secondary  in  feci  ions  ot.-curring  in  the  course  of  specific  infec- 
tious diseases  are  of  common  occurrence.  Thus  a  pneumonia  may 
be  develof>ed  in  the  course  of  an  attack  of  mejisles  or  of  typhoid 
fever  ;  or  infection  by  the  common  pus  cocci  in  the  course  of  scarlet 
fever,  typhoid  fever,  mumps,  etc.,  msty  give  rise  to  local  abscesses. 
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to  endocarditis,  ete.  Again,  mixed  infection  may  be  mducevi  lit 
injeetiug  simultaneously  into  susceptible  animals  tr\vo  species  of  patfar 
ogenic  bacteria. 

Bumni,  Bockhart,  and  others  have  reported  ca^tee  of  mixed  gnnar- 
rhoeal  infection  in  which  the  pyogenic  micrococci  gave  rise  to  ab- 
scesses in  the  glancLs  of  Bartholin,  to  cystitis,  parametritis,  or  tD 
*'  gonorrhoea]  inrtainmation  "  of  the  knee  joint.  Babes  gives  numer- 
ous examples  of  mixeil  infection  in  scarlet  fever  and  in  other  diseani 
of  childhood.  Anton  and  Fiitterer  have  studied  the  questioa  of 
secondary  infection  in  tj-phoid  fever.  Karlinsld  has  reported  a  CMr 
of  secondary  infwtion  Avitli  anthrax  in  a  ca.se  of  tj-phoid  fever,  infec- 
tion occurring  by  way  of  the  intestine.  Many  other  examples  ol 
secondary  or  mixed  infection  are  recorded  in  the  recent  literatrupof 
bacteriology  and  clinical  medicine,  but  enough  has  been  said  to  caB 
attention  to  the  importance  of  the  subject. 

The  researches  of  Romer,  Kanthack  (1892),  and  others  show  tlwt 
the  injection  of  the  filteretl  pnxlucts  of  certain  bacteria  (BaciDai 
[lyocyaueua,  Vibrio  Mctchnikovi,  etc.)  produces  a  decided  lenoocf- 
tosis  in  the  animals  experimented  upon,  And  a  similar  result,  prolh 
ably  from  a  like  cause,  has  beeu  shown  by  recent  experimentB  to 
occur  in  pneumonia  (Billings)  and  other  infectious  diseases. 

Certain  bacterial  products  have  been  shown  b.v  experiment  to  pro- 
duce fever  when  injected  into  tho  circulation  or  beneath  the  skin  o^ 
lower  animals;  others  protluce  rapid  respiration,  dilatation  of  papfiit 
diarrha>a,  and  paralysis  or  convulsions  (typhotoxin  of  BricgV, 
niethyl-guanidin,  etc.) ;  the  toxic  eff(.>cts  of  some  are  immediate  aad 
of  others  more  or  less  remote  (toxalbumin  of  diphtheria) ;  otfaershat* 
a  primary  toxic  effect  which  is  follovvetl  after  a  time  by  toxic  synp- 
tomsi  of  a  different  order  (Pueumobacillus  liquefaciens  bovis). 
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We  have  abundant  evidence  that  sust-eptible  animals  may  bo  in- 
fected by  the  injection  of  various  pathogenic  bacteria  beneath  tlie 
skin,  and  accidental  infection  tbi-mtffh  nn  open  m)und  or  ahrafiion 
of  the  skin  is  the  common  mode  of  infection  in  tetanus,  erysiiielas, 
hospital  gangrene,  and  the  "  traumatic  infectious  diseases"  generally. 
Other  infectious  diseases,  like  anthrax  and  glanders,  are  freijuently 
transmitted  in  the  same  way.  We  have  also  satisftictory  evidence 
that  tuljercuJosis  may  be  transmitted  to  man  by  the  accidental  inocu- 
lation of  an  open  wound  ;  and  in  view  of  the  fact  that  susceptible 
animals  are  readily  infected  in  this  way,  it  woidd  Iw  strange  if  it 
were  otherwise. 

The  question  whether  infection  may  occur  tlirough  the  unbroken 
skin  has  been  studied  by  several  bacteriologists  and  an  affirmative 
result  obtained.  Thus  Schinimelbusch  produced  pustules  ujx>»  the 
thigh  in  two  young  jjersons  suffering  from  pysemia  bj'  rubbing  upon 
the  surface  a  pure  culture  of  Staphylococcus  pyogenes  aureus  which 
he  had  obtaine<l  from  the  pus  of  a  furuncle.  The  same  author  also 
succeeded  in  infecting  ralibits  and  guinea-pigs  with  anthrax,  and 
rabbits  with  rabbit  septicemia,  by  rubbing  pure  cultures  upon 
the  uninjure<l  skin.  Similar  results  had  previously  Ijeen  reported 
by  Roth,  who  also  showed  that  infection  might  occur  througli 
the  uninjured  mucous  membrane  of  the  nose.  Machnoff  also  suc- 
ceeded in  infecting  guinea-pigs  with  anthrax  through  tlie  unin- 
jured skin  of  the  back,  and,  as  a  result  of  subsequent  microscop- 
ical examination  of  stained  sections,  arrived  at  the  conclusion  that 
the  principal  channel  through  which  infection  was  accomplished  was 
the  hair  follicles.  Braunschweig,  in  a  series  of  experiments  in  whidi 
he  introduced  various  patliogetiic  bacteria  into  the  conjunctival  sac 
of  mice,  rabbits,  and  guinea-pigs,  obtaiue<l  a  negative  ree id t  with  the 
anthrax  bacillus,  the  bacillus  of  mouse  sejiticiomia,  the  bacillus  of 
chicken  cholera,  and  Micrococcus  tetragenus;  but  the  bacillus  ob- 
tained by  Ribbert  from  the  intestinal  diphtheria  of  rabbits  gave  a 
positive  result  in  five  mice,  t\vo  guinea-pigs,  and  a  rabbit 
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Infection  through  the  mucous  membrane  of  the  intestine  d« 
dcmht  occurs  in  certain  diseases.  This  is  believed  to  be  a  O(»iunon 
niiMie  of  the  infection  of  sheep  and  cattle  •with  anthrax,  and  probabty 
also  in  the  infectious  diHCJise  of  swine  kn^)^\'n  as  hojf  cholera.  IT* 
anthrax  bacillusi  would  lie  destroyed  by  the  acid  secretions  of  tbe 
stomach,  but  if  siMires  ai*e  present  in  fo<:Ki  ingested  they  will  KAch 
the  intestine.  The  exi>erinients  of  K<>rkunoff  do  not,  however,  sup- 
port the  view  tliat  infection  is  likely  to  occur  in  this  way.  In  a  snic* 
of  esjieriments  upjon  \vhit<?  mice  fed  iivith  brea<l  containing  a  quantitr 
of  anthrax  six>i'c.s  the  result  was  uuifoi-mly  negative,  but  exc«>ptic«j* 
ally  infection  occurred  in  rubbitw.  The  same  author  obtained  pos- 
tive  results  in  rabbits  fwl  with  finni  to  which  a  pure  culture  o£  die 
iMicillus  of  chicken  cholera  had  been  added. 

Biichner,  in  experiments  upon  mice  and  guinea-pigs  fed  with 
material  containing  anthrax  spores,  obtained  a  jiositive  result  in  four 
out  of  thirty-three  animals.  This  is  no  doubt  the  usual  mo<le  nf  in- 
fection in  tjiihoid  fever  in  man. 

Infection  may  also  cK'cur  through  the  jiiucok.s  memhrane  of  Uu 
reftpinitory  organs.     This  has  been  demonstrated   by  several  la»- 
teriologists.  and  especially  by   the  exi)eriment8   of    Buchner,  wb» 
mixe<i  drietl  anthrax  spores  %vith  lycnpodium  powder  or  pulveriaed 
charcoal,  and  caused  mice  and  guinea  pigs  to  respire  an  atnuwptwp^ 
containing  this  p«jwder  in  suspi'iiaion.     In  a  series  of  sixty-fflX  eXBcd 
ments  fifty  animals  died  of  anthrax,  nine  of  pneumonia,  and  mihi 
8ur\'ived.     That  infection  did  not  occur  through  the  mucous  li»ai- 
brane  of  the  alimentary  canal  Wit-s  proved  by  comparative  exptn- 
iiM'nts  in  which  animals  were  feti  wnth  double  the  quiuitity  of  nioni 
used  in  the  inhalation  exijcriments.     Out  of  thirty-three  animals  M 
in  this  way  but  four  contracted  anthrax.     That  infection  occurwd 
through  the  lungs  was  also  demonstrated  by  the  niicroscopiral  ex- 
tuuuiation  of  section-s  and  by  culture  exiieriments,  which  showed  tbtf 
the  lungs  were  exttTLsively  invaded,  while  in  nwvny  cases  the  ■jjrrii 
contained  no  baciUi.     Positive  results  were  also  obtained  with  cul- 
tures of  the  anthrax  buHIlus  not  containing  sfK>re«,  which  th«  sn:! 
mals  were  mmle  to  iiiliale  in  the  form  itf  spray.     But  in  this  cate  ft 
considerable  quantity  was  require<l,  and  a  8er«>-fibrinoiis  pnemwaii 
w>is  usually  pnKluced  as  well  as  general  infection:  the  inhalatiiNl  rf 
small  quantities  gave  no  result.     P«xitive  results  in  rabbits  wmalio 
obtained  by  causing  them  to  inhale  con.siderabIe  quantities  of  aspar 
containing  the  bacillus  of  chicken  cholera. 

The  fact  that  large  quantities  of  a  liquid  culttire  of  thewi  rirulrtit 
bacilli  were  require<l  to  infect  very  susceptible  animals  by  w»y  ti 
the  pulmonary  mucous  membrane,  and  tliut  Buchner  faite<l  tocmn* 
the  infection  eif  these  animals  '\>nth  small  quantities  of  a  pure  cultmr 
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inhaled  iii  the  form  of  spray,  indicates  that  this  is  not  a  common 
mode  of  bifection  in  the  absence  of  spores.  This  view  receives 
further  8uppt)rt  from  the  experiments  of  Hildebrandt,  who  made 
'tracheal  fistulae  in  three  rabbits,  and,  after  the  wound  hiiA  entirely 
lietilod,  injected  into  the  trachea  of  each  a  pure  culture  of  the  anthrax 
Ijacilkis,  which  was  proved  to  be  virulent  by  inoculation  in  mice  or 
guinea-pigs.  All  of  the  animals  remained  in  good  health.  On  tlie 
other  hand,  three  rabbits  which  received  in  the  same  way  a  pure  cul- 
ture of  the  bacillus  of  rabbit  septicfemia  died  as  a  result  of  general 
infection. 

That  man  may  Ite  infected  with  anthrax  by  way  of  the  respira- 
tory organs  seems  to  !«  well  established.  In  England  the  disease 
known  as  "wool-sorter's  disease"  results  from  infection  in  this  way 
among  workmen  engagetl  in  sorting  wlmiI.  which  is  liable  to  contain 
the  spores  of  the  anthrax  bacillus  when  obtfiined  from  tlie  skin  of  an 
animal  which  ha.H  fallen  a  victim  to  this  disease.  That  infection 
occurs  through  the  lungs  is  shown  bv  the  fact  that  these  tjrgans  are 
first  involved,  the  disea.se  being,  in  ftict,  a  pulmonic  anthrax. 

While  these  experiments  prove  the  pwsibility  of  infection  through 
the  respiratory  mucous  membrane,  other  experiments  made  by  Hil- 
debrandt show  that  under  ordinary  circumstances  l>act«ria  suspended 
in  the  air  do  not  reach  the  tnvcbea  in  rabbits,  but  are  deposited  Tipoa 
the  mucous  membrane  of  the  mouth,  nares,  and  fauces.  lu  healthy 
rabbits  the  tracheal  mucus  was,  as  a  rule,  found  to  be  free  from  bac- 
teria, while  they  were  very  numerous  in  mucus  obtaine<l  from  the 
mouth  or  nares.  But  when  a  rabbit  was  made  to  Itdiale  for  half  an 
hour  an  atmosphere  charged  with  the  spores  of  Aspergillus  fumigatus 
their  presence  in  the  lungs  w;ls  demonstrated  by  cuIti%'ation,  the  ani- 
mal being  killed  for  the  purpose  half  an  hour  after  the  inhalation 
experiment. 

The  rapidity  ivitb  which  infection  may  occur  is  shown  by  the 
exjieriments  of  Nissen,  Pfuhl,  and  others.  In  mice  inoculated  with 
anthrax  bacilli  at  the  lip  of  the  tail  fattd  anthrax  has  resulted, 
although  the  tail  was  amputated  ten  minutes  after  the  inoculation. 
S<*himmelbu8ch  inoculated  fresh  wounds  with  anthrax  cultures  (in 
mice)  and  immediately  after  treated  the  wounds  with  strong  anti- 
septic solutions,  but  the  animals  succmnbwl  to  infection.  Cultures 
of  the  anthrax  bacillus  have  been  obtained  from  the  liver,  spleen,  and 
kidneys  half  an  hour  after  the  infection  of  an  ojien  wound  on  the 
surface  of  the  body  (Sehimmelbnsch  and  Ricker).  The  exjierimeuts 
of  Sherrington  and  others  show  that  pathogenic  bacteria  may  escjipe 
by  way  of  the  kidneys  into  the  bladder,  or  through  the  liver  into  the 
gall  bladder.  But  hisexjteriments  indicate  that  such  escape  does  not 
occur  through   heiilthy  organs.      Non-pathogenic  bacteria  injected 
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into  the  circulation  were  not  found  in  the  urine,  and  when  a  < 
erable  quantity  of  a  pathogenic  species  was  injected  into  a  vein  there 
was  no  immediate  appearance  of  bacteria  in  the  urine,  but  they  were 
found  later,  probably  as  a  result  of  lesions  in  the  secreting  organ  due 
to  their  local  action  or  to  that  of  their  toxic  pro<luct8.  In  man  tbe 
presence  of  pathogenic  bacteria  in  the  urine  has  been  frequently  veri- 
fied, especially  in  typhoid  fever,  pneumonia,  and  streptococcus  in- 
fection. When,  as  a  result  of  the  establishment  of  foci  of  inftynion 
in  the  liver,  localized  necrosis  of  tiasue  occurs,  the  pathogenic  bac- 
teria to  which  the  infection  is  due  escape  with  the  bile  and  witar 
the  intestine.  It  is  probable  that  escape  through  the  walls  of 
intestine  does  not  occur  unless  there  is  a  local  lesion  of  sumo  kind,] 
in  typhoid  fever. 

The  presence  of  tubercle  bacilli  in  tin*  milk  of  fows  has 
rejwatedly  demonstrated,  and  in  a  certain  proportion  of  the 
they  have  been  found  in  the  milk  of  cows  whose  uddere  gBT» 
no  evidence  of  Iwing  the  seat  of  a  tubercular  process.  Usually,  how* 
ever,  when  tubercle  bacilli  are  found  in  tbe  milk  tlje  cow's  odds 
is  already  involved  in  the  disease.  The  milk  of  women  with 
peral  fever  has  been  foiuid  to  contain  streptococci ;  and  in 
from  a  localized  infection  by  pyogenic  cocci  these  are  found  in  tl» 
milk.  It  must  be  remembered,  however,  that  both  Staphylococci 
albus  and  aureus  have  been  found  in  the  milk  of  healthy  wooMD. 
The  micwK'fXX'us  of  pneumonia  has  been  found  in  the  milk  of  wamoi 
suffering  from  croupous  pneumonia  (FoA,  and  Bordoni-Uffredujai). 
Vsirious  observers  (Brunner,  Tizzoni,  von  Eiselsberg)  have  reported 
the  j^resence  of  pus  cocci  in  the  sweat  of  patients  suffering  from  tep- 
ticjemia,  and  the  experiments  of  Brunner  indicate  that  they  roav  haT* 
escaped  throngli  the  sweat  glands,  This,  however,  does  not  appear 
to  be  definitely  established. 
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SUSCEPTIBILITY  AND  IMMUNITY. 

No  questions  in  general  biology  are  more  interesting,  or  more 
important  from  a  practical  point  of  view,  than  those  which  relat'e  to 
the  susceptibility  of  certain  animals  to  the  pathugenic  fiction  of  cer- 
tain species  of  bacteria,  and  the  immimity,  natural  or  acquired,  from 
such  pathogenic  action  w^hich  is  possessed  by  other  animals.  It  has 
long  been  known  that  certain  infectious  diseases,  novv  demonstrated 
to  be  of  bjicterial  origin,  prevail  only  or  principally  funong  animals 
of  a  single  species.  Thus  typhoid  fever,  cholera,  and  relapsing 
fever  are  diseases  of  man,  and  the  lower  animals  do  not  Buflfer  from 
them  when  they  are  prevailing  as  an  epidemic.  On  the  other  hand, 
man  has  a  natural  immunity  from  many  of  the  infectious  di-seasesof 
the  lower  animals,  and  diseases  of  this  class  which  prevail  among 
axumals  are  freijuently  limited  to  a  single  species.  Again,  several 
species,  including  man.  may  be  susceptible  to  a  disease,  while  other 
animals  hiive  a  natural  immunity  from  it,  Thus  tuberculosis  is 
common  to  man,  to  cattle,  to  apes,  and  t4i  the  small  herbivorous  ani- 
mals, while  the  camivora  are,  as  a  riUe,  inimime  ;  anthrax  may  be 
commvuiicatc<l  by  inoculation  to  man,  to  cattle,  to  sheep,  to  guinea- 
pigs,  rabbits,  and  mice,  but  the  rat,  the  dog,  caruivoroua  animals,  and 
birds  are  generally  immune  ;  glanders,  which  is  essentially  a  disease 
of  the  equine  genus,  may  be  communicated  to  man,  to  the  guinea- 
pig,  and  to  field  mice,  while  house  mice,  rabbits,  cattle,  and  swine 
are  to  a  great  extent  inunune. 

In  addition  to  this  general  race  immunity  or  susceptibility  we 
have  individual  differences  in  susceptibility  or  resistance  to  the  ac- 
tion of  pathogenic  bacteria,  which  may  be  either  natural  or  acquired. 
As  a  rule,  ijoung  animals  are  more  suscepfible  thati.  older  ones. 
Thus  in  man  the  young  are  especially  susceptible  to  scarlet  fever, 
whooping  cough,  and  other  "children's  diseases,"  and  after  forty 
years  of  age  the  susceptibility  to  tubercular  infection  is  very  much 
diminished.  Among  the  lower  animals  it  is  a  matter  of  common 
laboratory  experience  that  the  very  young  of  a  susceptible  species 
may  be  infected  when  inoculated  with  an  '* attenuated  culture" 
which  older  animals  of  the  same  species  are  able  tu  resist. 
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Considerable  differences  as  to  susceptibilitj-  may  also  exist 
adults  of  the  same  species.  In  man  these  differences  in  indirulmd 
smstvptibility  to  infeftious  diseases  are  frequently  manifested.  Of  • 
niiiiilKH'  of  persons  exposed  to  infection  in  the  same  ^vay,  some  maj 
e.s«.'niie  entirely  while  others  have  attacks  differing  in  severity  aai 
duration.  In  our  exiieriments  upnin  the  lower  animals  ire 
meet  with  sitniUir  results.  Konie  individuals  provinjj  to  be  ex< 
ally  resistant.  Exceptional  susceptibility  or  immunitj-  may  be  to 
some  extent  a  family  charsieteristic  or  one  of  race.  Thus  the  aegfo 
mce  is  decide^lly  less  subject  to  yellow  fever  than  the  white  nice. 
and  tliis  disease  is  more  fatal  among:  the  fair-8kinne<l  races  of  \kt 
north  of  EurojH'thau  among  the  Latin  races  living  in  tropical  or 
tropical  regions.  On  the  other  h*ind,  small-pox  appears  to  be 
tioually  fated  ain(>ii<ir  negroes  and  dark-skinned  races  generally. 

A  very  remarkable  instance  of  nu?e  immunity  is  that  of 
sheep  against  anthrax,  a  disease  which  is  very  fatal  to  other  sheqx. 

In  the  instances  mentioned  r(tce  hniniiuit;/  is  pm]>ftbly  an  ft^ 
tpiiretl  tolerance  due  to  natural  selection  and  inheritano*.  If,  fcr 
example,  a  susceptible  population  is  ex]x>sed  to  the  ravages  of  small' 
p«>x.  the  least  susceptible  individuals  will  survnve  and  may  be  the  j*- 
rents  of  cliildreii  who  will  be  likely  to  inherit  the  si>ecial  l>oclily  datf- 
acters  upon  which  this  comparative  iintnunity  depenils.  The  ten- 
dency of  continuous  or  rejK?ate<l  exjKvsure  to  the  siinie  patbogCBK 
agent  will  e\ndently  be  tci  establish  a  nu."e  tolerance;  and  Umi*  s 
reiison  to  believe  that  such  has  been  the  effect  in  the  case  of  mam 
of  the  more  cnmmon  infectious  diseases  of  man,  which  have  httn 
noticed  to  prevail  with  especial  severity  when  first  introduced  amo^f 
a  virgin  })opulation.  as  in  the  islands  of  the  Pjicific.  etc. 

In  the  same  way  we  may  explain  the  immunity  which  canurar- 
i>us  animals  have  for  anthrax  and  various  forms  of  septicaerau  to 
which  the  herbivora  are  very  susceptible  when  the  patho^^onie 
is  introductHl  iiiUt  their  iKKlies  by  inoculation.  From  time 
rial  the  carnivora  liave  been  in  the  habit  of  fighting  over  the  6mi 
liotlies  of  herbivorous  animals,  some  of  which  may  havo  fallen  tLjKtJ 
to  these  infe»'tiou.s  j^errn  diseases,  and  in  their  fighting  they  reovn 
wtiunds,  inoculated  with  the  infectious  material  from  these  bad)p< 
wliich  Wi^uld  Iw  fatal  to  a  suscejitible  animal.  If  at  any  time  in  tW 
jiiist  a  Bimilar  susceptibility  existed  among  the  caniivon*,  with  indi- 
vidual differences  as  t<«  resisting  fH)wer.  it  iserident  that  there  wnoH 
Ih«  a  constant  tendency  for  the  most  susceptible  individuals  to 
au«l  for  the  least  susceptible  to  survive. 

But  if  we  admit  this  to  be  a  probable  explanation  of  tl»e  imMr 
nity  of  carnivorous  animals  from  septic  infe«?tiun.  we  have  not  jnl 
explained  the  precise    reason  for    the    immunity  enjoyed   bjr  tfc» 
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selected  indi%'iduals  and  their  progeny.  Tlie  essential  difference  be- 
tween a  susceptible  and  itnniune  animal  dependj^  upon  the  fact  that 
in  cue  the  p^ithogeuic  genn.  when  introduced  by  accident  or  ex- 
perimental inoculation,  multiplies  and  invades  the  tissues  or  the 
blood,  where,  by  reason  of  its  nutritive  renuireinent*  and  toxic  pro- 
ducts, it  proiluces  changes  in  the  tissues  and  fluids  of  the  body  incon- 
sistent with  the  \'ital  reijuirementfi  of  the  infected  animal  ;  while  in 
the  immune  animal  multiplication  does  not  occur  or  is  restricted  to  a 
local  invasion  of  limited  extent,  and  in  whi*-h  after  a  time  the  re- 
stjurces  of  nature  suffice  to  destroy  the  panusitic  invader. 

Now  the  question  is,  upon  what  does  this  essential  difference  de- 
I>end  ?  Evidently  up<^m  conditions  favorable  ">r  imfavorable  to  the 
tlevelopment  of  the  pathogenic  germ  ;  or  u]n)n  its  destruction  by 
s*Hne  active  agtmt  present  in  the  tissues  or  Huids  of  the  body  of  the 
imrnune  animal;  or  uixm  a  neutralization  of  its  toxic  prc)ducts  by  some 
substance  present  in  the  body  of  the  animal  which  surriws  infec- 
tion. 

What,  then,  are  the  unfavorable  c<inditit  his  which  nun'  1h?  supixt-sed 
to  prevent  development  in  immune  animals  ?  In  the  fii"st  platre,  the 
temperature  of  the  btwly  may  not  be  favorable.  Certain  jmthogenic 
bacteria  are  only  able  to  develop  witliin  very  narrow  temperature  lim- 
its, and,  if  all  other  conditions  were  favorable,  could  not  be  expected 
to  multiply  in  the  IxMlies  of  cold-bli Mxled  animals.  Or  the  temix^niture 
of  wanii-bLx>ded  aninuils,  and  especially  of  fowls,  may  be  above  the 
point  favorable  for  their  devel»)pnient.  This  ia  the  explanatii>n 
offered  by  Pasteur  of  the  immunity  of  fowls,  which  are  usually  re- 
fractory against  anthrax  ;  and  in  support  of  this  view  he  showed  by 
experiment  that  when  chickens  are  refrigerated  after  inoculation,  by 
l)cing  ptirtly  inunersed  in  cold  water,  they  are  liable  to  become  in- 
fected and  to  perish.  But.  as  ]>oiuteil  out  by  Koch,  the  sparrow, 
which  has  a  temijerature  as  high  as  that  of  the  chicken,  may  con- 
trsict  anthrax  Avithout  being  refrigerated.  We  must  not,  therefore, 
Ux>  hastily  conclude  that  the  success  in  Pa.steur's  exj^erinient  de- 
|HMided  alone  upon  a  rtHluction  of  the  body  heat.  Gibier  has  shown 
that  the  anthrax  bacillus  may  multiply  in  the  bodies  of  frogs  or 
fish,  if  these  are  kept  in  water  having  a  temi>erature  of  35°  C. 
But  the  anthrax  Imcillus  grows  within  comparatively  wide  tem|M?ra- 
ture  limits,  while  other  pathogenic  bacteria  are  kno^vn  to  have  a 
more  restricted  temj>erature  range  and  wt»ul<l  be  mure  de<'idedly 
influenced  by  this  factor — e.ij.,  the  tuWix'le  Imcillus. 

The  composition  of  the  body  fluids,  and  esj*ecially  their  i-eaction. 
i  1  probably  a  determining  factor  in  some  instances.  Thus  Behring 
has  ascribe<l  the  failure  of  the  anthrax  bacillus  to  develop  in  the 
Tvhite  rat,  which  p^jssosses  a  remarkable  inunuuity  against  anthrax, 
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tti  the  liighly  alkaline  reaction  of  tho  1)Uk><1  and  tissue  juices  of  thm 
aniimil.  Bohring  claims  to  have  obtained  experimental  proof  of  tbf 
truth  of  this  ex]>laiiation  by  feeding  white  rats  on  an  excli 
vegetable  diet  or  by  adding  acid  phosphate  of  lime  to  their  fi 
■which  means  this  excessive  alkalinity  of  the  blood  is  diminished. 
Rats  8o  treated  are  said  to  lose  their  natural  immunity,  and  to  di* 
a  result  of  inoculation  with  virulent  cultures  of  the  anthrax  badUiK 

The  experiments  of  Nuttall.  Behring,  Buchner,  and  others  hat* 
established  the  fact  that  rcrpiitly  dnuvn  blood  of  various  anfimUfr 
possesses  decided  ijermicidal  }>nwei\  and  Buchner  lias  shown  tfaii 
this  property  belongs  in  the  Huid  part  of  the  blood   and  not 
cellular  elements.     It  has  also  l»een  shown  that  aqueous  humor, 
Duid   of  ascites,  and  lymph  from  the  dorsal  lymph  sac  of  a  ing 
p4>ssess  the  sfime  power.     This  p<nvcr  to  kill  bacteria  is  de*«tr<\vpd 
heat,  and  is  lost  when  the  blo<>d  has  been  kept  for  a  oontfiii 
time,  but  it  is  not  neiitmlizcd  by  freezing.     Fiurther,  this  povrw  to 
destroy  bacteria  differs  greatly  for  different  species,  beiug^  vcfj  d*> 
oided  in  the  case  of  certain  pathogenic  bacteria,  lees  so  for  odmi, 
mid  absent  in  the  Ciise  of  certain  common  saprophytea.     Behring 
has  also  shown  that  the  blood  of  different  animals  differs 
ably  in  this  regard,  and  that  the  blood  of  the  rat  and  of  the 
which  animals  have  a  niiturnl  immunity  against  anthrax,  IB  wp** 
cially  fatiil  to  the  anthrax  bacillus.     The  experiments  made  Av9 
that  this  gennicidal  jiower  is  very  prompt  in  its  action,  but  that  it  i» 
limited  {is  to  the  number  of  bacteria  which  can  be  destroyed  by* 
given  quantity  of  blood  serum.     When  the  number  is  exceasiTe,  ^ 
velopment  cwcurs  after  an  interA'al  during  which  a  limited  destlW' 
tiou  hfis  taken  place.     It  would  apj^ear  that  the  element  in  the  blood 
to  which  this  germicidal  action  is  due  is  neutralized  in  exercffiaK 
this  |Miwer  ;  and  a.s.  indep<^iidently  of  this,  blood  serum  is  an  exari> 
lent  culture  medium  for  bacteria,  an  abunthint  development  tslw 
phice  when  the  destructiou  h;i.s  l>t?en  incomplete. 

Buchner  {1R80)  first  proveil  by  experiment  that  the  germicidal 
power  of  the  bloo«l  of  dogs  and  rabbits  does  not  depend  upon  tte 
presence  of  the  celhilar  elements,  but  is  present  in  clear  serum  wbkb 
has  been  allowed  \k>  separate  from  the  clot  in  a  cool  place.  Eipumt 
for  an  hour  to  a  tem{)erature  of  55°  C.  destroys  the  germicidal  actJos 
of  serum  as  well  as  of  blood. 

The  researches  of  Buchner,  of  Hankin,  and  others,  show  tiMtdni 
germicidal  power  of  fresli  bloo<l  serum  depends  upon  the  preMoniaf 
proteids,  to  which  the  first-named  bacteriologist  has  ^ven  the  raaat 
of  "alexins,"  Hankiti,  in  his  t>a]H3r  u))on  the  origin  of  these  "dafae- 
sive  proteids"  in  the  auiuiul  Ixxly  (180:2),  arrives  ut  the  ooodukm 


SUSCEPTIBILITY    AND   IMMUNITY. 


23^ 


that  while  they  are  present  in  the  cell-free  serum  they  are  th©  prod- 
uct of  certain  leucocytes — Ehrlich's  eosinophile  cells.  He  believes 
that  the  eosinophile  granules  become  dissolved  in  the  serum  and  con- 
stitute the  germicidal  proteid  wliich  is  shown  to  be  present  by  ex- 
periments upon  bacteria.  According  to  Hankin  the  separation  of 
these  granules  can  be  witnessed  under  the  microscope.  They  first 
accumulate  upon  one  side  of  the  cell  and  then  gradually  disappear, 
and  as  this  occurs  a  conaiderable  increase  in  the  bactericidal  power 
of  the  serum  can  be  demonstrated.  Tlie  germicidal  power  of  the 
blood  serum  is  also  said  to  be  increaseil  when  the  number  of  leuco- 
cytes is  considerably  augmented,  as  occurs  when  a  sterilized  culture 
of  Vibrio  Metschnikovi  is  injecteil  subcutaneously.  Also  by  treat- 
ment which  favors  a  separation  of  the  ale-\in  from  the  leucocytes, 
i.e.,  a  solution  of  the  eosinophile  granules.  This  may  \\e  accom- 
plished by  the  injection  of  an  extract  of  the  thymus  gland  of  the 
calf,  or  by  si mpl 3' allowing  the  drawn  bk>o<l  to  stand  for  several  hours 
at  a  temperature  of  38"  to  40°  C. 

Buchner's  latest  communication  upon  the  subject  shows  that  he 
also  attributes  the  origin  of  the  germicidal  proteid  in  fresh  blood 
serum  to  the  leucocytes.  In  his  paper  on  "Immunity,"  read  at  the 
■  Eighth  International  Congress  on  Hygiene  and  Demograpliy  (Buda- 
pest, 1894),  he  caUs  attention  in  the  first  place  to  the  fact  that  a 
clearly  marked  distinction  nuist  be  made  Letwet^n  natural  immunity 
and  acquired  imtnunity,  inasmuch  as  the  "  alexins  "  and  *'  antitoxins  " 
have  very  different  properties.  The  first-mentioned  proteids  are  de- 
stroyed by  a  comparatively  low  temperature  (55"  to  <iO'  C),  while  the 
antitoxins  resist  a  considerably  higher  temperature,  and,  unlike  the 
alexins,  have  no  bactericidal  or  globulicidal  action.  A  very  remark- 
able fact  developed  in  Buchner's  experiments  is  that  the  blood  serum 
from  the  dog  and  from  the  rabbit,  when  mix«l,  neutralize  each  other 
so  far  as  their  germicidal  j>ower  is  concernetl.  ^ 

By  injecting  sterilized  emulsions  of  wheat-flour  paste  in  the 
pleural  cavity  of  rabbits  and  dogs  Buchuer  succeeded  in  obtaining  an 
exudate  which  had  more  decided  germicidal  power  than  the  blood 
or  serum  of  the  simie  animal.  This  was  evidently  due  to  the  large 
number  of  leucocytes  present,  but  not  to  their  phagocytic  action,  as 
was  shown  by  experiment.  By  freezing  the  exudate  the  loucocj'tes 
were  killed,  but  the  germicidal  action  of  the  fluid  was  rather  in- 
creased than  diminished  by  freezing,  While  freezing  had  no  effect 
upon  the  germicidal  action  of  the  pleural  exudate,  this  was  always 
neutralized  by  exposure  to  a  temperature  of  .')5°  C 

Emmerich,  Tsulwi,  Sternmetz,  and  Low  (1S92),  as  a  result  of  ex- 
tended experiments,  arrived  at  the  conclusion  that  the  germicidal 
action  of  blood  serum  "depends  upon  a  specific  property  of  the  alkali 
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scrumalbiiinin,  uiul  tbat  it  is  a  purely  chemical  process. "  1^ 
statf>  that  when  the  germicidal  |M>vver  is  neutralized  by  heat  it  ntr 
be  restored  h\'  the  addition  of  an  alkali.  Buchner  repeated  the  ti- 
t>eriinonl9  of  Emmericli  and  his  associates  and  obtained  similar  re- 
sults, but  interprets  them  differently.  According  to  bim  the  fenia 
iloes  not  regnin  its  germieidal  power,  but  after  tbe  addition  of  aa 
alkali  ami  subse*|uent  dialyzing  the  nutritive  value  of  the  serum  issi 
dimiiiislied  that  the  bacteria  do  not  develop  in  it. 

Pane  (lf>l>:;i)  has  made  experiments  which  gfive  additional  weigllt 
to  tbe  assumption  that  tbe  alkalinit}'  of  tlie  blood  is  an  importoK 
factor  in  accounting  for  immuniti-.  He  states  that  carbooats  rf 
Soda,  dissolved  in  water,  iti  the  proportion  of  1 :  :i,000,  has  a  ^ 
cideil  germicidal  action  u|)on  the  anthrax  bacillus,  equal  to  tbat  rf 
the  bloiHl  !!<ernm  of  the  rabbit.  And  that  when  rabbit  semm  i^coai- 
plelely  neutralized  it  no  longer  1ms  any  injiirious  action  on  aDthnu 
bacilli, 

Zagari  and  Innocente  (isir')  also  arrivetl  at  the  concluskn  that 
the  diminished  resistance  to  anthrax  infection  resulting  from  cvaan 
pf)Jsoning  in  frogs,  and  frfun  chloral  or  alcohol  in  dugs  (Platania),ii 
fowls  as  a  result  <vf  starvation  (C'aiialis  and  lIorpurgx>),  in  wlat* 
mice  lis  a  result  of  fatigue  fCharin  and  Roger),  is,  in  fact,  due  to 
diminished  alkalinity  of  the  blood,  which  they  found  to 
with  the  increased  susreptiLility  resulting  from  the  CS' 
tionetl. 

Buchner  (IKI>"J)  states  that  several  of  the  ammonium  salts,  uA 
especially  ammonium  sulphate,  cause  an  increase  in  the  gvnsin<hl 
action  of  blooil  serum,  iuid  also  increase  its  resistance  to  tlie  Daoltai- 
izing  effects  of  heat.  The  experiments  of  Pansini  and  Calalaot 
(1894)  sliow,  on  the  ecuitrar}\  that  the  addition  of  uric  acid  to  bW 
serum  diminishes  its  bitcU-ricidal  activity,  as  does  alao  the  pwact 
of  glucose.  Tfiat  certain  infectious  diseases  are  especially  riraiaA 
in  pei*sons  suffering  from  diabetes  is  a  frequently  repeated  ciiaicil 
ol»ervation. 

Van  Fodor  has  shown  by  ex{)eriiuent  that  the  injection  of  tt 
alkali   into   the  circulatioti  of  a  rabbit   increases   its    resiataoc*  I" 


anthrax  infection  and  the  germicidal  activity  of  its  blood 
Tbe  same  bacteriologist  has  found  that  when  a  rabbit  ia  ioiacti^ 
with  anthrax,  the  alkalinity  of  its  bIoo<l  is  notably  increuaed  dtniaf 
the  first  twenty-four  hours,  when  we  may  suppoBe  tliat  the  poWi 
of  nature  are  brought  to  bear  to  resist  the  invading  parasite,  and  ihit 
after  this  time  it  rapidly  diminishes.  Ten  hours  after  infectioo  (V 
subcutaneous  inLx-ulati(»n?)  the  alkalinity  of  the  blood  had  iocrm*' 
'l\,!>  percent.  Shortly  iH'fore  the  detith  of  the  animal  a  diminaOA 
of  H'ui  per  cent  wan  noted.     This  diminution  was  observed  in  thirty 
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four  out  of  thirty-nine  animals  experimente*.!  upon,  and  these  aui- 
idhIb  suocumbed  to  the  authrax  infection  in  a  shorter  time  than  did 
the  otlier  five  in  which  there  was  no  such  diminution. 

It  seems  prolwible  that  the  germicidal  property  of  freslily  drawn 
blood  senim  i.s  nut  due  to  its  alkaHnit.v,  per  se,  but  to  the  fact  that 
the  germicidal  cunstituent  is  on!}'  soluble  in  an  alkaline  fluid.  The 
researches  of  Vaughn,  McClintcjck,  and  Novy  indicate  that  this  gtT- 
xnicidal  constituent  is  a  nuclein.  Dr.  Vaughn,  in  his  last  publisbetl 
paper  upon  "  Nucleins  and  Nuclein  Therapy,"'  says:  "  Kossel,  of 
Berlin,  has  confirmed  our  statements  concerning  the  germicidal 
action  of  the  nucleins.  Dr.  McClintock  and  I  have  also  demon- 
strated that  the  germicidal  constituent  of  blood  serum  is  a  nuclein. 
This  nuclein  is  undonbtetlly  furnished  by  the  polynuclear  white 
csorpuscles."  Denys  has  (Ism)  reported  the  i-esidts  of  experi- 
ments made  in  his  laboratory  by  Van  der  Velde,  which  give  sup- 
port to  the  conclusion  reached  by  Vaughn.  In  these  cxjM^Tinients  a 
sterilizeil  cidture  of  staphylococci  was  injected  into  the  pleural  cavity 
of  rabbits  in  order  to  obtain  an  exudate.  At  intervals  of  two  hours 
this  exudat«  was  obtained  by  killing  one  of  the  animals  in  tFie  series 
experimented  upon,  and  at  the  same  time  blood  from  the  animal  was 
Esecured.  Both  the  exudate  and  the  blotid  were  placed  in  a  centrifugal 
machine,  in  order  to  obtain  a  serum  free  from  corpuscular  clement.'?. 
The  germicidal  activity  of  the  senun  wjts  then  tested.  The  general 
result  of  the  e.xi>eriments  was  to  show  that  the  longer  the  interval 
after  the  injection  into  the  pleural  cavity  the  more  ]>otent  the  ger- 
n)icidal  activity  of  the  exudate  liecame,  and  that  there  was  no  corre- 
tiponding  increa.se  in  the  activity  of  the  MihkI  seruiu  obtained  fmuj 
the  circulation.  At  the  end  of  ten  or  twelve  hours,  the  serum  fnun 
the  exudate  killed  all  of  the  staphylococci  in  a  bouillon  cultni-e  twenty 
times  as  great  in  quantity  as  the  gennicidal  serum  used  in  the  p.x- 
periment.  The  abst«nce  of  any  increase  in  g*^rmicidal  frnwer  in  the 
blood  serum  taken  from  the  general  circulation  shows  that  the  nrita- 
hle  increase  manifested  by  the  exiulate  was  due  tn  local  causes;  and 
as  a  matter  of  fact  it  corres])oniled  with  an  increase  in  the  numlwr  of 
leucocytes  as  found  in  the  pleural  exudate. 

ThiLs  it  will  lie  seen  that  the  indejiendent  researches  of  Haukin, 
of  ftuchner,  of  Vaughn,  and  of  other  competent  liactcriologists,  liave 
le<l  them  to  the  same  ultimate  result  so  far  as  the  origin  of  the  ger- 
micidal constituent  of  the  blood  is  coilcernetl,  and  that  the  leucocytes 
appear  to  play  an  important  role  in  the  protection  of  the  animal  Ixjdy 
from  invasion  by  bacteria  (natural  immunity). 

It  has  been  shown  by  several  investigators  that  the  number  of 
leucocytes  increases  in  certain  infectious  diseases,  and  this  increase, 
together  with  an  increased  alkalinity  of  the  bloody  which  has  here- 
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tofore  been  referred  to,  appears  to  be  a  provision  of  nature  for  otw- 
coining  the  infection  which  has  alreadj-  occurretl. 

It  has  been  demonstrated  bj"  experiment  that  naturally  i 
animals  may  be  infected  by  the  addition  of  certain  substances  to 
tares  of  pathogenic  bacteria.  Thus  Arloing  was  able  to  induce  sniip> 
tomatie  anthrax  in  animals  naturally  immune  for  this  disease  bf 
mixing  with  his  cultures  various  chemical  substances,  such  asow- 
Ixilic  acid,  pj'rogallic  acid,  and  esi>eciatly  lactic  acid  (twenty  pm 
cent).  Leo  has  shown  that  white  mice,  which  are  not  subject  to 
tlu>  pathogenic  action  of  the  glanders  bacillus,  may  be  rendered  sat- 
ceptible  by  feeding  them  for  some  time  upon  phloridzin,  which 
rise  to  an  artificial  diabetes,  and  causes  the  tissues  to  become 
pregnated  with  sugar. 

Bouchartl  has  found  that  very  small  d«;bes  of  a  pure  culture  of 
Bacillus  pyocyaneus  are  fatal  to  rabbitn  when  at  the  same  time  ft 
considerable  quantity  of  a  filtered  culture  of  the  same  bacillus  is  fa>- 
jetHed  into  a  vein.     The  animal  could  have  withstood  tlie  tiltmi 
culture  alone,  or  the  bacillus  injected  beneath  its  skin ;  but  its  rr«Ml 
jng  [xvwer — natural  immunity — is  overcome  bj*  the  combined  aeliaa 
of  the  living  bacilli  and  the  toxic  substances  contained  in  the  filloid 
culture.     The  same  result  may  be  obtained  by  injecting  sterili 
cultureH  of  a  different  microorganism.     Thus  Roger  has  shown 
the   rabbit,    wliich    has  a  natural    immunity   against   sympttnnatic 
anthrax,  sucfumbs  to  infection  when  inoculated  with  a  cultureof  Iha 
bacillus  of  this  disease,  if  at  the  same  time  it  receives  an  injectioa  of 
a  sterilized  or  non -sterilized  culture  of  Bacillus  prodi^osus.     MoBii 
has  succreeded  in  killing  animals  with  old  and  attenuated  cultures o( 
Streptococcus  pyogenes,  or  of  Staphylococcus  pyogei»es  aureus,  by  b- 
jecting  at  the  same  time  a  culture  of  Proteus  vulgaris.     In  a  simikr 
way,  it  seems  probable,  the  normal  resistance  of  man  to  infeotke  If 
certain  pathogenic  bacteria  may  be  overcome.      Thus  when  watv 
contaminated   by  the  presence  of  the   typhoid  bacillus  is  used  fat 
drinking  by  the  residents  of  a  certain  town  or  ilistrict,  not  all  nf 
those  who  in   this  way  are  exposed  to  infection  contract  trpboid 
fever;  and  ami»ng  those  who  do,  there  is  good  reason  to  believe  that, 
in  certain  cases  at  least,  the  result  depends  upon  an  ailditional  factt 
of  the  kind  suggested  by  the  above-mentioned  experiments — 0.g.,  Ike 
consumption  of  food  containing  putrefactive  protlucts,  or  the  Refi> 
ration  of  an  atmosphere  containing  volatile  producL><  of  putrefacticn. 

The  natural  immunit}'  of  healthy  animals  may  also  benentnltwi 
by  other  agencies  which  have  a  depressing  effect  upon  the  vitel  f^ 
sisting  power.  Thus  Xi>card  and  Roux  found  by  ex|ieriniont  that  IB 
attenuated  culture  of  liic  anthrax  Ijacillus,  which  was  not  fatil  • 
guinea-pigs,  kilteil  these  animals  when  injected  into  tlie  musdai  of 
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the  thigh  after  they  had  been  bruised  by  mechanical  violence. 
Abarrin  and  Roger  found  that  white  rats,  which  are  not  ausceptible 
to  anthrax,  l>ecame  infected  and  frequently  died  if  they  were  ex- 
hausted, previous  to  inoculation,  by  being  compelled  to  turn  a  revolv- 
ing wheel  for  a  considerable  time.  Pasteur  found  that  fowls,  which 
have  a  natural  immunity  against  anthrax,  become  infected  and 
perish  if  they  are  subjected  to  arliticial  refrigeration  after  icocula- 
tion.  This  has  been  confirme<l  by  the  more  recent  experiments  of 
Wagner  (1801).  According  to  Caualis  and  Morpurgo,  pigeons 
which  are  enfeebled  by  inanition  eaily  contract  anthrax  as  a  result 
of  inoculation.  Arloing  states  that  sheep  which  have  been  freely 
bled  contract  anthrax  more  easily  than  others;  and  Serafini  found 
tliat  when  dogs  were  freely  bled  the  bacillus  of  Friedlander,  injected 
into  the  trachea  or  the  pleural  cavity,  entered,  and  apparently  mul- 
tiplied to  Bijme  extent  in  the  blood,  whereas  without  such  previous 
bleeding  they  were  not  to  be  found  in  the  circulating  fluid.  Certain 
anaesthetic  agents  have  been  shown  also  to  produce  a  similar  result. 
Platania  communicated  anthrax  to  immune  animals — dog.s,  fnigs, 
pigeons — by  bringing  them  under  the  influence  of  curare,  chloral,  or 
alcohol;  and  Wagner  obtainetl  similar  results  in  his  exjieriments 
upon  pigeons  to  which  he  had  administeretl  chloral.  In  man,  clini- 
'Cal  experience  shows  that  those  who  are  addicte<l  tu  the  excessive  use 
I  of  alcohol  are  especially  liable  to  contract  certain  infectious  diseases 
I — pneumonia,  erysipelas,  yellow  fever,  etc. 

The  micrococcus  of  pneumonia  is  habitually  present  in  the  sali- 
vary secretions  of  many  healthy  individuals,  and  it  is  evident  that 
1  an  attack  of  pneumonia  does  not  depend  alone  upon  the  presence  of 
this  micrococcus,  which  has,  nevertheless,  been  conclusively  shown 
to  be  the  usual  infectious  agent  in  cases  of  croupous  pneumonia.  No 
doubt  the  intro<luction  of  the  pathogenic  micrococcus  to  the  vulner- 
iable  point — tlio  lungs — is  an  essential  factor  in  the  development  of  a 
[case  of  pneumonia,  but  there  is  reason  to  believe  that  there  are  other 
factors  equally  essential.  Thus  it  is  well  known  that  an  attack  of 
pneumonia  often  results  from  ex]x)sure  to  cold,  which  may  act  as  an 
exciting  cause;  and,  also,  that  a  recent  attack  of  an  acute  febrile 
ilisease — especially  measles — constitutes  a  predisposing  cause.  It  is 
generally  recognized  that  malnutrition,  want  of  exercise,  iiii^anitary 
surroundings,  and  continued  respiration  of  an  atmosphere  loaded 
with  dust,  a.s  in  cotton  mills,  or  a  recent  attack  of  pneumonia,  con- 
stitute predisposing  causes  to  tubercular  infection  by  way  of  the 
lungs. 

While  natural  immunity  may  be  overcome  by  the  various  depress- 
[ing  agencies  referred  to,  it  is  also  true  that  it  has  only  a  relative 
[value  in  the  absence  of  these  predisixisiug  causes,  and  may  be  over- 
16 
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come  by  unusual  virulence  of  the  pathogenic  infectious  agent,  crbf 
the  introduction  into  the  body  of  an  excessive  amount  of  a  pui*  a4- 
ture  of  the  same. 

The  pathogenic  potency  of  known  disease  germs  varies  as  vitkir 
as  does  the  susceptibility  of  individuals  to  their  specific  action.  la 
general  it  may  be  said  that  the  more  recently  the  germ  comee  inm 
a  developed  case  of  the  disease  to  which  it  gives  rise  the  moroTin- 
lent  it  is,  aud  the  longer  it  has  been  ciUtivated  outside  of  the  naiflal 
body  the  more  atteiniated  is  its  pathogenic  power.  Thus  when  tb 
discharges  of  a  typhoid  fever  patient  find  their  way  directly  to  • 
water-supply  of  limited  amount  a  largo  pro{)ortion  of  tboM  wi* 
drink  the  wat^sr  are  likely  to  be  attacked;  but  >vhen  a  considcnikil 
interval  of  time  has  elapsed  since  the  contamination  occaxni, 
although  the  germs  may  still  be  present,  the  liability  to  atteek  ii 
much  less  on  account  of  diminished  pathogenic  virulence. 

The  development  of  an  attack  also  depends,  to  some  extent,  apfe 
the  number  of  germs  introduced  into  a  susceptible  individual  atoM 
time.  The  resources  of  nature  may  be  sufficient  to  dispose  of  a  f«» 
bacilli,  while  a  large  number  may  overwhelm  the  resistii^  fiowmd 
the  individual. 

The  exj>erimentB  of  Cheyne  (1886)  show  that  in  the  oaaeci  raj 
pathogenic  species  a  single  bacillus,  or  at  least  a  very  small  nimW, 
introduced  beneath  the  skin,  may  produce  fatal  infection  in  a  wry 
susceptible  animal,  while  greater  numbers  are  required  in  tbo»l0 
susceptible.  Thus  a  guinea-pig  succumbed  to  general  infection  afkff 
being  intx-ulated  subcutaneously  with  anthrax  blood  diluted  to  wck 
an  extont  that,  by  estimation,  only  one  bacillus  was  present  in  lb 
tluid  injected ;  and  a  similar  result  was  obtained  in  mice  with  B»nSn 
murisepticus.  In  the  case  of  the  microbe  of  fowl  cholera  (BaciOm 
septicaemia  hemorrhagicie) ,  Cheyne  found  that  for  rabbitB  the  fsttl 
dose  was  300,000  or  more,  that  from  100,000  to  30,000  canaeakx^ 
abscess,  and  that  less  than  lti,(.KXt  produce  no  appreciable  effect.  IV 
common  saprophyte,  Proteus  vulgaris,  was  found  to  be  [mllMiftMia" 
for  rabbits  when  injecte<l  into  the  dorsal  muscles  in  sufBcient  acff- 
hers.  But,  acconling  to  the  estimates  made,  2'25,<KX),OO0  ww»  >• 
quired  to  cause  death,  while  doses  of  from  9,000,000  to  115,000." 
produced  a  local  abscess,  and  less  than  9,000,000  gave  an  entire 
negative  result. 

ACQUIRED   IMMUNITY. 

It  has  long  Ijeen  known  that,  in  a  considerable  number  of  itf 
tious  diseases,  a  single  attack,    however  mild,   affords   jgatrnf 
against  subsequent  attacks  of  the  same  disease;  that  in  boom  tm^ 
this  protection  appears  to  be  permanent,  lasting  during  the  Ufaof  tb 
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indiviilual;  that  in  others  it  is  mora  or  less  temporary,  as  showu  Lj- 
tlie  ♦x^curroncf  of  a  subsequent  attack. 

The  protection  siffordetl  by  a  single  attack  not  only  differs  in  dif- 
ferent diseases,  but  in  the  same  disease  varies  greatly  in  different 
individuals.  Thus  certain  individuals  have  been  known  to  suffer 
several  attacks  of  small-pox  or  of  scarlet  fever,  although,  as  a  rule,  a 
single  attack  is  protective.  Exceptional  susceptibility  or  insuscepti- 
bility may  be  not  onlj-  an  individual  but  a  family  characteristic,  or 
it  may  belong  to  a  particidar  race. 

In  those  diseases  in  which  second  attacks  are  not  infrequent,  as, 
for  example,  in  jmeumonia,  in  influenza,  or  in  Asiatic  cholera,  it  is 
difficult  to  judge  from  clinical  experience  whether  a  first  attfick  exerts 
any  pjrotective  influence.  B\it  from  exfieriments  upon  the  lower  ani- 
mals we  are  led  to  believe  that  a  certain  tlegree  of  immunity,  lasting 
for  a  longer  or  shorter  time,  is  aifurded  by  an  attack  of  pneumonia 
or  of  cholera,  and  probably  of  all  infectious  diseases  due  to  bacterial 
parasites.  In  the  malarial  fevers,  which  are  due  to  a  parasite  of  a 
differeot  class,  one  attack  affords  no  protection,  but  ratlier  predis- 
poses to  a  subsequent  attack. 

In  those  diseases  in  which  a  single  attack  is  generally  recognized 

being  protective,  exceptional  cases  occur  in  which  subsequent 
attacks  are  developed  as  a  result  of  unusual  susccjitibilitj'  or  expo- 
sure under  circumstances  especially  favorable  to  infection.  Maiselis 
1894)  has  gone  through  the  literature  accessible  to  him  ffir  the 
purpose  of  determining  the  frequency  vt'ith  which  second  attacks 
occur  in  tlie  various  diseases  below  mentioned.  The  result  is  as 
follows : 


Secoud  Tlilrxl 

AtMt-'ka.  Attocka. 

Smallpox 505  9 

Scarlet  fever 29  4 

Measles 38  1 

Typhoid  fever 802  5 

Cholera 29  3 


Finirth 
AltoclcB. 

0 
0 
0 

1 

3 


ToUl. 

514 
33 
87 

808 
34 


These  figures  support  the  view  generally  entertained  by  physi- 

sians  that  second  attacks  of  scarlet  fever  and  of  measles  are  compar- 

itively  rare,  while  second  attacks  of  small-jKix  are  not  infre(juently 

jbserved.     Considering  the  very  large  number  of  case^  of  typhoid 

fever  which  occur  annually  in  all  parts  of  Europe  and  America,  the 

jumber  of  second  attacks  collected  does  not  bear  a  verj-  large  propor- 

ion  to  the  total  number  taken  sick,  although  the  recorded  cases,  of 

course,  fall  far  short  of  t!ie  total  number  of  second  attacks  of  this 

id  the  other  disea.ses  mentioned. 

The  second  attacks  of  cholera  recorded  are  not  numerous,  and,  no 

loubt,  a  carefullly  conducted  investigation  made  in  the  areas  of  en- 
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deiiiic  prevalence  of  this  diaetise  would  show  that  second  attacks  i 
moi"©  common,  than  is  indicatetl  by  these  figures. 

That  immunity  may  result  from  a  comparatively  znilil  attack  at 
well  as  from  a  severe  one  is  a  matter  of  common  observation  in  tb» 
case  of  8mall-])OX,  scarlet  fever,  yellow  fever,  etc. ;  and  sinco  thedi^ 
covery  of  Jenner  we  have  in  vaccination  a  simple  method  of  |Nodll^ 
ing  immunity  iu  the  first-mentioned  disease.  The  acquired  inmoi? 
resulting  from  vaccination  is  not,  however,  as  corapleto  or  as  p*^ 
inanent  us  that  which  results  from  an  attack  of  the  disease. 

These  general  facts  relating  to  iK-quired  inununity  from  infcrtJoB 
diseases  constituted  the  principal  portion  of  our  knowledge  with  re- 
ference to  this  important  matter  up  to  the  time  that  Pasteur  U**'' 
demunstrutt'd  that  in  the  disesise  of  fowls  known  as  chicken  obolox 
which  he  had  provod  to  lie  diie  to  a  specific  niicroorgjinism,  a  odi 
attack  followed  by  immunitj'  may  be  induced  by  inoculation  witfcK 
"  attenuateti  virus  " — i.e. ,  by  inoculation  with  a  ctilture  of  thepaih»- 
genie  micr(K»rg;inism  the  inrulence  of  which  had  been  so  imiiTiM 
that  it  gave  rise  to  a  comparatively  mild  attack  of  the  ill "fW  ii 
question.  Pasteur's  original  method  of  obtaining  an  attenuated  rim 
consisted  in  exposing  his  cultures  for  a  considerable  time  to  tiia  •^ 
tion  of  atmospheric  oxygen.  It  has  since  been  ascertained  that  ^ 
same  result  is  obtained  with  greater  certainty  hy  exposing  cnbow 
for  a  given  time  to  a  temperature  slightly  below  tliat  which  woM 
destroy  the  vitulity  of  the  piithogenic  microorgani»in,  and  also  bftl- 
posure  to  the  action  of  certain  chemical  agents  (see  Part  Seooni,  ^ 
124). 

Pasteur  at  once  comprehended  the  importance  of  hia  dwwwBj. 
and  inferred  that  what  was  trui^  of  one  infectious  g«;mi  diccaoc  *» 
likely  to  be  true  of  others.  Subsequent  researches,  by  this  Wkfwt 
and  by  other  bacteriologists,  have  justified  this  anticipatiaii,  and  t^ 
demonstration  htis  already  been  ma<le  for  a  ct»nsidenible  nninlwc  -^ 
similar  diseases — anthrax,  sj-mptomatic  anthnuc,  roujfet. 

A  virus  which  has  l)een  att«nmated  artificially — ^by  heat,  for 
ample — may  V>e  cultivat^nl  through  successive  generatiaas  witfaoat  rt- 
gaining  its  original  ^'irulence.  As  this  virulence  depeada,  to  a  <«• 
Biderable  extent  at  least,  ui^ion  the  formation  of  toxic  prodnctadc 
the  development  of  the  pathogenic  microorganism,  wenatnzallyts:'' 
that  diminiKhed  virulence  is  due  to  a  diminished  prtxlnctlcn  of  tbe« 
t4)xic  substances. 

There  is  reason  to  believe  that  a  natiu^l  attenuutiuo  of  nnue>' 
may  occur  in  pathogenic  bacteria  which  are  ablo  to  lead  •  Wf"' 
phj'tic  existence  during  their  multiplication  external  to  the  ba£r» 
living  animals,  and  the  comparatively  mild  chamctMr  of 
demies  is  prolxibly  due  to  this  fact. 
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Again,  cultivation  witliiu  thu  body  of  a  living  animal  may,  in 
certain  Ciisas,  cause  a  diminution  in  the  virulence  of  a,  pathogenic 
microorganism.  Thus  Pa.steur  and  Thuiller  have  sho'wn  that  the 
microbe  of  nmget  when  inocuUited  into  a  rabbit  kills  the  animal,  but 
that  its  pathogenic  virulence  is  nevertheless  so  mmlified  that  a  cul- 
ture made  from  the  blood  of  a  rabbit  kille<I  by  it  is  a  suitable  "  vac- 
cine "  for  the  pig. 

On  the  other  hand,  we  have  experimental  evidence  that  the  viru- 
lence of  attenuated  cultures  may  be  reestablished  by  passing  them 
through  the  bodies  of  susceptible  atiimuls.  Thus  a  culture  of  the 
bacillus  of  rouget,  attenuated  by  having  been  passed  through  the 
body  of  a  ra])bit,  is  restored  to  its  original  virulence  by  passing  it 
through  tlio  biMltes  of  pigeons.  And  a  culture  of  the  anthrax  bjicillua 
^rhich  will  not  kill  an  a<liilt  guinea-pig  ma}-  be  fatal  to  a  very  young 
Hiiimal  of  the  same  species  or  to  a  mouse,  and  the  kicnius  cultivated 
from  the  blood  of  such  an  animal  will  l>e  found  to  have  greatly  in- 
creased virulence. 

In  Pasteur's  inoculations  against  anthrax  "attenuated"  cultures 
iare  employed  which  contain  the  living  pathogenic  germ  as  well  as 
the  toxic  products  developtnl  during  its  growth.  Usually  two  inocu- 
lations are  made  with  cultures  of  different  degrees  of  attenuation — 
that  is  to  say,  with  cultures  in  which  the  toxic  products  are  formed 
in  lees  amount  than  in  virus  of  full  power.  The  most  attenuated 
virus  is  first  injected,  and  after  s«ime  time  the  second  vaccine,  which 
injected  first  might  have  caused  a  considerable  mortality.  The 
[animal  is  thus  protected  from  the  {Mithogenic  action  of  the  most 
Ivirulent  cultures. 

Now,  it  has  been  shown  by  recent  exi>eriment9  that  a  similar  im- 
'^munity  may  result  from  the  injection  into  a  susceptible  animal  of  the 
toxic  products  contained  in  a  virulent  culture,  independently  of  the 
tliving  bacteria  to  which  they  owe  their  origin.  Chauvt«au,  in  1880, 
[ascertained  that  if  pregnant  ewes  are  protected  against  anthrax  by 
loculation  with  an  attenuated  \'irus,  their  lambs,  when  b^rn,  also 
|g:ive  evidence  of  having  acquired  an  immunity  from  the  disciuse.  As 
[the  investigations  of  Davaiue  seemed  to  show  that  the  anthrax 
icillus  cannot  pass  through  the  placenta  from  the  mother  to  the 
■foetus,  the  inference  seemed  justified  that  the  acquirwl  immimity  of 
the  latter  was  due  to  some  soluble  substance  which  could  pass  the 
placental  barrier.  More  recent  researches  by  Strauss  and  Chamber- 
Malvoz  and  Jacquet,  an<l  others,  show  that  the  jjUicenta  is  not 
ich  an  imptLssiible  barrier  for  bacteria  as  was  generHlly  btjlieved  at 
le  time  of  Chauveau's  experiments,  so  that  these  catuiot  \ye  accepted 
[as  establishing  the  inference  referred  to.  But,  as  stated,  we  have 
lore  recent  experimental  evidence  which  shows  that  inuuunity  may 
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result  from  the  introduction  into  the  bodies  of  susceptible  antnakcl 
the  toxic  substances  produced  by  certain  pathogenic  bacteria.  IW 
first  satisfactory  experimental  evidence  of  this  important  £aot«« 
obtained  by  Salmon  and  Smith  in  188(5,  who  succeeded  iu  makiag 
pigeons  ininnme  from  the  pathogenic  effects  of  cultures  of  the  bacil- 
lus of  hog  cholera  by  inoculating  them  with  sterilized  cultares  d 
this  bacillus.  In  1888  Roux  reported  similar  results  obtained  byts- 
jectin^  into  susceptible  animals  sterilized  cultures  of  the  aattou 
bacillus.  Behring  and  Kilasato,  in  18t10,  reported  their  evooBm  m 
establiHhing  inmnmity  against  virulent  cultures  of  the  bacOlaB  li 
tetanus  and  the  diphtheria  bacillus  by  inoculatiiig  susceptible  m- 
mals  with  filtered,  j^jerm-free  cultures  of  these  pathogeuic  bactefU. 

In  1892  Behring,  Kitasuto,  and  Wassermann  published  the  t*- 
sidts  of  interesting  experiments  with  a  bouillon  made  frao  lb 
thymus  gland  of  the  calf.  They  found  that  the  tetanus  baciUosni- 
tivated  in  this  Ixtuillou  did  not  form  spores  and  had  comp«ntiTcir 
little  virulence.  Mice  or  rabbits  inoculated  with  it  in  smalldunfr- 
O.OOl  to  0.2  cubic  centimetre  for  a  mouse — proved  to  be  sufaeequei^ 
immune.  And  the  blood  serum  of  an  immune  rabbit  injectoliato 
the  jieritoneal  cavity  of  a  mouse — 0.1  to  0.5  cubic  centimetre— «a 
found  to  give  it  immunity  from  the  pathogenic  action  of  a  riraletf 
culture  of  the  tetanus  bacillus.  Similar  results  were  obtained  wi* , 
several  other  pathogenic  bacteria  cultivatetl  in  the  thytiiiis botttBoB- 1 
spirillum  of  cholera,  liacillus  of  diphtheria,  typhoid  bncilloa.  W« 
give  here  the  directions  for  preparing  the  thymus  lK>uiIIn<i  as  un4^  | 
the  authors  nameth 


Two  or  three  thymus  glands  are  chopped  into  small   pieces  unmedHkJT 
after  they  are  taken  frtnii  the  animal.     An  c<pml  part  of  distilled  w«»»T  » 
added  to  the  nia.Hs  and  »iirr>Hl  for  some  tuiio  ;  it  istiiea  plac«d  in  on  iwdkal 
for  twelve  houi*s.     Tlie  jiiires  are  now  e.Tnres.s<.Hi  throujfh  gauxe  bjr  vormf-^ 
a  Hesh  press.     A  cloudeil,  slimy  fluid  is  oDtaJned,  which  coostitutas  •  V-*^ 
Holution.     Tiiis  is  diluted  with  wiiit^-r.  and  a  certain  quantity  of  ^MiboMH 
soda  is  added  to  tlte  sohttion  befi>ix3  sterilization.     By  this  mrnntccwMlb' 
and  precipititti(^n  uf  the  active  substance  fn>m  the  thymus  ffUutd  m stik- 
Tiie  exact  amount  of  water  and  of  stxiiuin  carix>nat4*  requir«>d  to  prwVBtF'- 


cipitation  must  \h>  determined  by  ex|>orinient,  asitditfers  fordiffei«utri»ii 
Usual! van  eanal  [Kirtion  of  water  and  sulTlcieDt  stxla  aohitinn  to  turn  KMM 
(Mper  feebly  blue  will  srive  the  desired  result.  The  liquid  is  now  hMkdli 
a  Iare«  flaslc,  which  is  left  for  fifteen  minutes  in  the  stvnin  nierfliMe.  Tli 
liipiin  i.s  allowed  to  cool  and  then  filtered  throucrh  fine  liui^n  to  Kinovvaff 
suspend«*4i  C(>a(fula  ;  the  filtrate  lui.s  a  milky  u|>ulei>cenc«.  Il  is  ocMVll^ 
in  test  ttil)es  and  ai;raiii  8terili7.<^l.  The  active  principle  is  prtxrimtatsd ^A* 
addition  uf  a  few  drops  of  acetic  a<'id . 


In  Pastetir'H  innrnlntions  against  hydrophobia,  madaml ._ 

to  infection  by  the  bite  of  a  rabid  anitmU.  an  attenaattid  rirwvi^ 
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troduced  subcutaneuualy  in  coaaiderable  quantity  by  daily  injections, 
and  immunity  is  established  during  the  interval — so-called  period  of 
incubation — which  usually  cxrcurs  between  the  date  of  infection  and 
the  development  of  the  iliseaae.  That  the  immunity  in  this  case  also 
depends  upon  the  introduction  of  a  chemical  substance  present  in  the 
desiccatetl  Bpin^J  cord  of  rabbits  which  have  euccumlied  to  rabies, 
w^hich  is  used  in  these  inoculations,  is  extremely  probable.  But,  aa 
the  germ  of  rabies  has  not  been  isolated  or  cultivated  artificially,  this 
has  not  yet  been  demonstrated.  Wooldridge  claims  to  have  made 
susceptible  animals  immune  against  anthrax  by  inoculating  them 
with  an  aqueous  extract  of  the  testicle  or  of  the  thymus  gland  of 
healthy  animals. 

We  may  mention  also  the  interesting  results  obtained  by  Em- 
merich, Freudeureich,  and  others,  who  have  shown  that  an  anthrax 
infection  in  a  susceptible  animal  inoculated  with  a  virulent  culture 
may  be  made  to  take  a  modified  and  non-fati^ij  course  by  the  simul- 
taneous or  subseciuent  inoculation  of  certain  other  non-pathogenic 
bacteria — streptococcus  of  erysipelas,  Bacillus  pyocyaneus. 

In  a  series  of  exf>eriments  made  by  the  writer  some  years  ago 
©videnco  was  obtained  that,  under  certain  circumstances,  immunity 
from  the  effects  of  one  pathogenic  bacillus  may  be  obtained  by  the 
previous  injection  of  a  pure  culture  of  a  different  species.  In  the 
experiments  referred  to  injections  into  the  cavity  of  the  abdomen  of 
a  culture  of  Bacillus  pyocyaneus  protected  rabbits  from  the  lethal 
effects  of  Bacillus  cuniculiciihi  Havaniensis,  when  subsequently  in- 
jected into  the  cavity  of  the  abdomen  in  .such  amount  (one  cubic 
centimetre  of  a  bouillon  culture)  hh  invariably  proved  fatal  in  rabbits 
not  protected  by  such  injections. 

Before  considering  the  theories  which  have  been  offered  in  expla- 
nation of  acquired  immunity  it  is  desirable  to  call  attention  to  certain 
observations  which  have  been  made  during  the  past  few  years  relat- 
ing to  ' '  chemiotaxis. " 

The  term  chemiotaxis  was  first  used  by  Pfeffer  to  designate  the 
property,  observed  by  himst'lf  and  others,  which  certain  li\'ing  cells 
exhibit  \vith  reference  to  non-living  organic  material,  and  by  A^irtue 
of  which  they  approach  or  recede  fri>m  certiiin  substances.  The 
chemiotaxis  is  said  to  be  positive  when  the  living  cell  approaches,  tmd 
negative  when  it  recedes  from,  a  chemical  substance.  As  examples 
of  this  we  may  mention  the  apprcKich  of  motile  bacteria  to  nutrient 
material  or  to  the  surface  of  a  liquid  medium  where  they  find  the 
oxygen  required  for  their  vital  activities  ;  and  of  leucocytes  to  cer- 
tain substances  when  these  are  intro<luced  beneath  the  skin  of  warm- 
er cold-blooded  animals.     This  subject  has  recently  received  much 
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attention  and  has  Vieen  studied  especially  by  Ali-Cohen,  Massart  and 
Bordet,  Gabritchevski,  and  othere. 

According  to  Gabritchevski,  the  following  substances  have  a  neg- 
ative chemiutaxis  for  the  leuccx'ytes  :  Sodium  fhU>ride  in  ton-per-ceiit 
solution,  alcohol  in  ten-per-cent  solution,  quinine,  lactic  acid,  gly- 
cerin, chloruform,  bile.  On  the  other  hand,  a  po.sitive  cheiniotaxis 
is  excited  by  sterilized  or  non-sterilized  cultures  of  various  bacteria. 
This  is  shown  by  the  fact  that  wlien  a  small  capillarv  tube,  closed  at 
one  end,  which  containtj  the  substance  to  be  tested,  is  introduced  be- 
neath the  skin  of  an  animal,  the  leucocj'tes  are  repelled  from  the  tube 
by  certain  substances,  while  those  wliich  incite  positive  chemiotaxis 
cause  them  to  enter  the  tube  in  great  numljers.  The  experiments  of 
Buchner  seem  to  show  that  the  positive  chemiotaxis  induced  by 
sterilized  cultures  of  bacteria  introduced  beneath  the  skin  of  an 
animal,  is  due  to  the  proteid  contents  of  the  cells  rather  than  to  the 
chemical  products  elaborated  as  a  result  of  their  vatjil  activitj'.  But 
that  such  chemical  products  may,  in  some  instances  at  least,  produce 
a  positive  chemiotaxis  independently  of  the  bacteria  is  shown  by 
the  experiments  of  Gabritchevsld  with  filtered  cultures  of  Bacillus 
pyocyaneut: — confirmed  by  Mas-sart  and  Bordet. 

An  important  observation  made  by  Bouchard,  and  confirmed  by 
Massartand  Bordet,  is  the  following:  When  a  tube  containing  a  cul- 
ture of  Bacillus  pj'ocyaneus  is  introduced  beneath  the  skin  of  a  rabbit 
it  is  found,  at  the  end  of  a  few  hours,  to  contain  a  great  niunber  of 
leucucj'tes.  But  if  immediately  after  its  introduction  ten  cubic  centi- 
metres of  a  sterilized  culture  of  the  same  bacillus  are  injected  into  the 
circulation  thi-ough  a  vein,  very  few  leucocytes  enter  the  tube  intro- 
duced beneath  tlie  skin — that  is,  the  chemiotaxis  of  the  leucocytes 
for  the  beicilli  contained  in  the  tube  has  been  neutralized  by  injecting 
a  considerable  i|uantity  of  the  soluble  products  of  the  same  bacillus 
into  the  circulation. 

Buchner,  having  shown  that  the  bacterial  cells  contain  a  proteid 
substjince  which  attracts  the  leucocytes,  experimented  vnth  various 
other  proteids  and  fmmd  that  gluten,  casein  from  wheiit,  and  legumin 
from  peas  had  a  similar  effect.  Starch  has  no  effect,  but  a  mass  of 
flour,  inaile  from  wheat  or  from  jwas,  introduced  lieneath  the  skin  of 
a  rabbit  or  of  a  guinea-pig,  ^vith  antiseptic  precautions,  in  the  course 
of  a  day  or  two  is  enveloped  and  penetrated  by  immense  numbers  of 
leucocytes.  If,  instead  of  introducing  these  substances  which  induce 
positive  chemiotaxis  beneath  the  skin,  they  are  injected  into  the  cir- 
culation, Buchner  has  shown  that  a  great  increase  in  the  nmnber  of 
leucocvtes  occurs. 
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THEORIES   OF  IMMUNITY. 

Exhattatinn  Theory. — For  a  time  Pasteur  Hupported  the  view 
that  during  an  attack  of  an  infectious  disease  the  pathofjeuic  niicro- 
tirgaiiism,  in  its  multiplication  in  the  body  of  a  susceptible  animal, 
exhausts  the  supplj'  of  some  substance  necessjiry  for  its  development,- 
that  this  substance  is  not  Hul)se<pientl}'  reproduced,  and  that  conse- 
ciuently  the  Bamt}  pathogenic  germ  cannot  again  nutltiply  in  the  btxly 
of  the  protected  animal.  This  \new  is  sustained  in  a  memoir  pub- 
lished in  the  Comptes  Rendiis  of  the  French  Academy  in  I88l»,  in 
which  Pasteur  says ; 

"  It  is  the  life  of  a  parasito  in  the  interior  of  the  body  which  produees  the 
raalad}'  commonly  called  ' cholera  dea  poules,'  an<l  wliich  causes  death. 
From  tlie  nionient  when  this  culture  {i.e.,  the  multiplication  of  the  parasite) 
is  no  long«r  possible  in  the  fowl  the  sickness  cannot  appear.  The  fowls  are 
then  ill  the  constitutional  state  of  fowls  not  subject  to  be  attacked  by  the 
disease.  These  Lust  are  as  if  vaccinated  from  birth  for  this  malady,  because 
the  hctal  evolution  bos  not  introduced  int<i  their  bodies  the  niatei-ial  neces- 
sary to  supjiort  the  hfe  ot  the  microbe,  or  these  nutritive  materials  have 
disappeared  at  an  early  a^. 

"Certainly  one  should  not  be  surprised  that  there  may  be  constitutions 
sometimes  susceptible  and  sometimes  rebellious  to  inoculation — that  is  to 
say.  to  the  cultivation  of  a  certain  virus — when,  as  I  have  announced  in  my 
first  note,  one  sees  a  preparation  of  beer  j'ea.st  made,  exactly  like  one  from 
the  muscles  of  fowls  {bouillon),  to  show  itself  absolutely  unsuited  for  the  cul- 
tivation of  the  parasite  of  fowl  cholera,  while  it  is  admirably  adapted  to  the 
cultivation  of  a  multitude  of  microscopic  species,  notably  to  the  bacMride 
charlxmnense  (Bacitlu.s  autliracis). 

"The  explanation  to  which  these  facts  conduct  us,  as  well  of  the  consti- 
tutional resistance  of  some  individuals  as  of  the  immunity  produced  by 
protective  iinjculations,  is  onlvnatund  when  we  consider  that  every  culture, 
in  general,  nnxliBes  the  medium  in  whieii  it  is  effected — a  modiflcaliou  of 
the  soil  when  it  i-elateg  to  ordinary  plants;  a  iiiodilication  of  plants  and  ani- 
mals when  it  i-elates  to  tlieir  parasites  ;  a  modification  of  our  cultui-e  liquids 
■when  it  relates  to  mitcMines,  vibrionieis,  or  ferments. 

"These  modifications  are  manifested  and  chanicterized  by  the  circiun- 
stance  that  new  culti%'ations  of  the  same  species  in  these  media  become 
pr«jmi)tly  difficult  or  iini>ossible  If  we  .sow  c/a'c^'P»i  bouiiloti  with  the  mi- 
crobe of  fowl  cholera,  and,  after  three  or  four  days,  filter  the  liquid  iii  order 
to  remove  all  trace  of  the  microbe,  and  subsequently  sow  anew  in  the  lil- 
tered  liatiid  this  parasite,  it  will  be  found  quite  powerless  to  resume  tlj»»  most 
feeble  dev^-lopment.  The  liniiid,  which  is  perfectly  limpid  after  being- lil- 
terwl,  retains  its  limpidity  imtefinitely. 

"How  can  we  fail  to  believe  that  by  cultivation  in  the  fowl  of  the  atten- 
uated virus  we  place  its  lK>dy  in  the  state  of  this  tikered  liquid  which  can 
no  lon^r  cultivate  the  micmho  ?  The  comparison  can  be  pu.shcd  still 
further;  for  if  we  filter  the  batdllon  containing  the  microbe  in  full  develop- 
ment, not  on  the  fourth  day  of  culture,  but  on  tlie  second,  the  filtered  liquid 
will  still  be  able  to  support  the  development  of  the  microbe,  although  with 
less  energy  than  at  the  outset.  Wtj  comprehend,  then,  that  after  a  cultiva- 
tion of  the  mollified  (attenn^\  microbe  in  tiie  body  of  the  fowl  we  may  not 
have  removed  fr«3in  all  parts  of  its  IkmIv  the  aliment  of  the  microbe.  That 
which  remains  will  permit,  tlien,  a  new  culture,  but  in  a  more  restricted 
measure. 

"This  is  the  effect  of  a  first  inoculation  ;  aubsequeut  inoculations  will 
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remove  progressively  all  the  material  necessary  for  the  development  of  the 
parasite. " 

In  discussing  thin  theory,  in  a  paper  published  in  the  American 
Journal  of  the  Medical  Sciences  (April,  1881),  the  writer  says: 

.  "Let  us  see  where  this  hypothesis  letids  us.  In  the  first  place,  we  must 
have  a  material  of  small-pox,  and  a  material  of  mausles,  aud  a  material  of 
scarlet  fever,  etc.,  etc.  Then  wo  must  admit  that  each  of  these  different 
materiula  has  be«n  formed  in  the  system  and  stored  up  for  these  emergencies 
— attacks  of  the  diseases  in  question — for  we  can  scarcoly  conceive  that  ihej* 
were  all  packed  away  in  the  pertn  cell  of  the  mother  and  iJie  sperm  cell  of 
the  father  of  each  susceptible  individual.  If,  then,  these  peculiar  materials 
have  been  formed  and  stoi-ed  up  during  the  development  of  the  individual, 
how  are  we  to  account  for  the  fact  that  no  new  production  takes  place  after 
an  attack  of  any  one  of  the  diseases  in  questitjn  ? 

"  Aguin,  how  shall  we  account  for  the  fatrt  that  the  amount  of  material 
which  would  nonrish  the  small-p4Jx  g-erm,  to  the  extent  of  producing  a  case 
of  confluent  small-pox,  may  be  e.vliausti?d  by  the  action  of  the  attenuated 
virus  (germ)  introduced  by  vaccination  f  Pasteur's  conitxirison  of  a  fowl 
protected  by  inoculation  with  the  microbe  of  fowl  cholera,  with  a  culture 
fluid  in  which  the  growth  of  a  particular  organism  has  exhausted  the  pabu- 
lum necfes-sary  for  the  developnient  of  luiditional  organisms  of  the  same  Kind, 
does  not  seem  to  me  to  lie  a  just  one.  as  in  the  latter  case  we  have  a  limited 
supply  of  nutriment,  while  in  the  former  wo  have  new  supplies  constantly 
provided  of  the  material — food — from  which  the  whole  b<jdy,  including  the 
hypothetical  sul>stance  essential  to  the  development  of  the  dise-a-se  germ,  was 
built  up  prior  to  the  attack.  Besides  this  we  have  a  constant  provision  for 
the  elimination  of  effete  and  useless  products. 

"  This  hypothesis,  then,  requires  the  fi)rmation  in  the  human  body,  and 
the  retention  up  to  a  certain  time,  of  a  variety  of  materials  which,  so  far  as 
we  can  see,  serve  no  purpose  except  to  nourisr.  the  germs  of  various  specific 
diseases,  and  which,  having  served  this  purpose,  are  not  again  formed  in  the 
same  system,  subjected  to  similar  external  conditions,  and  supplied  with  the 
same  kind  of  nutriment." 

It  is  unnecessary  to  discuss  this  hypotliesis  any  further,  inasmuch 
as  it  is  no  longer  sustained  by  Pasteur  or  liis  pupils,  and  is  evidently 
untenable. 

The  Retention  Theory,  proposed  by  Chauveau  (1880),  issubjec^tto 
similar  objections.  According  to  this  view,  certain  products  formed 
during  the  development  of  a  pathogenic  microorganism  in  the  body 
of  a  susceptible  animal  accumulate  during  the  attack  aud  are  subse- 
quently retained,  and,  being  prejiidicial  to  the  growth  of  tlie  particu- 
lar microorganism  which  produced  them,  a  socimd  infection  ciinnot 
occur.  Support  for  this  theory  has  been  foimd  by  its  advocates  in 
the  fact  that  various  processes  of  fermentation  are  arrested  after  a 
time  by  the  fotiiiation  of  substances  which  restrain  the  development 
of  the  micnxirgani-sins  to  which  they  are  due.  But  in  the  case  of  a 
living  animal  the  cunditions  are  vorj'  different,  and  it  is  hard  to  con- 
ceive that  ailvontitious  products  of  this  kind  could  be  retained  for 
years,  when  in  the  normal  processes  of  nutrition  and  excretion  the 
tissues  aud  fluids  of  the  body  are  constantly  undergoing  change. 
Certainly  the  substances  which  arrest  onlinary  processes  of  fermen- 
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tation  by  their  acciimulrttiun  in  the  fermenting  hqiiid,  such  as  alco- 
hol, lactic  acid,  phenol,  etc.,  would  not  be  so  retained.  But  we  can- 
not speak  so  positivelj'  with  reference  to  the  toxic  albmiiinous 
substances  which  recent  researches  have  demonstrated  to  be  present 
in  cultures  of  some  of  the  best  known  pathogenic  bacteria.  It  is 
difficult,  however,  to  believe  that  an  individual  who  has  passed 
through  attiicks  of  half  a  dozen  different  infectious  diseases  carries 
about  with  him  a  store  of  as  many  different  chemical  substances  pro- 
duced during  these  attacks,  and  sufficient  in  quantity  to  prevent  the 
development  of  the  several  germs  of  these  diseases.  Nor  does  the 
experimental  evidence  relating  to  the  action  of  germicide  and  genn- 
restraiiiing  agents  justify  the  view  that  a  substance  capable  of 
jjreventing  the  development  of  one  microorganism  should  be  with- 
out effect  upon  others  of  the  same  class ;  but  if  we  accept  the  re- 
tention hypothesis  we  must  admit  that  the  inhibiting  substance 
produced  by  each  particular  pathogenic  germ  is  effective  only  in 
restraining  the  development  of  the  microbe  which  produced  it  in  the 
first  instance. 

Pasteur  discusses  this  hypothesis  in  his  paper  from  which  we 
have  already  quoted,  as  follows  : 

"We  may  aJmit  the  poiwibility  thivt  the  devRlapment  of  the  microbe,  in 
place  of  removing  or  ilestroyitig  certain  matters  iu  the  fxxlies  of  the  fowls, 
adds,  on  the  contrary,  something  which  is  an  obstacle  to  the  future  develop- 
ment of  this  microbe.  The  history  of  the  life  of  inferior  beings  authorizes 
such  a  supi>osition.  The  excretions  re-suUing  fi-om  vitiU  pinscesses  may  arresl 
vital  proces-ses  of  the  siirne  luiture.  In  cerUiin  fertnentalioiis  we  see  anti- 
sept  ic  products  muke  their  appearance  during,  and  am  a  result  of,  fhc  fer- 
nuMitatioti,  which  put  an  end  to  the  active  life  of  the  feriiieiits  and  arrest 
the  fermentaliona  long  before  tlioy  are  completed.  In  the  vuUivalioji  of  our 
niici-obe,  products  may  have  been  formed  tlie  presence  of  which,  possibly, 
may  explain  the  protection  following-  inoculation. 

"Our  aitificial  cuUui*es  permit  us  t<;)  test  the  truth  of  this  hypothesis. 
Let  us  prepare  an  artificial  culture  of  the  micrtjbe,  and  after  having  ei'apo- 
rated  it,  in  vacuo,  without  heat,  let  us  bring  it  back  to  its  original  vidueiie 
by  means  of  fresh  chicken  bouillon.  If  the  extnict  contains  a  poison  for 
the  life  of  the  microlx',  and  if  this  is  the  cause  of  its  failure  ti>  multiply  in  the 
tilteretl  litpiid,  the  new  liquid  should  n^main  sterile.  Now,  tliisis  not  the  case. 
We  cannot,  then,  believe  tliatdurinfj  the  lifeof  thepara-sitecertsiin  substances 
are  protluced  which  are  capaljle  uf  arresting  it«  ulterior  development." 

This  exi>eriment  of  Ptusteur  appears  to  be  conclusive  so  far  as  the 
jKirticular  pathogenic  micrmlrganism  referred  to  is  concerned  ;  and 
Ave  may  sa^',  in  brief,  that  more  recent  invesrtgations  do  not  sustain 
the  view  that  acquired  immunity  is  duo  to  the  retention  of  products 
such  as  are  formed  by  pathogenic  hact<^ria  in  artificial  culture  media, 
and  which  act  by  destmying  these  hiw-teriaor  restraining  their  devel- 
opment when  they  are  introduced  into  the  bodies  of  immune  animals. 

Moreover,  if  we  supixxse  that  the  toxic  substances  which  give 
ptithogenic  power  to  a  particular  inicroorgiuiism  are  retained  in  the 
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bully  i>£  jin  imimine  aiiimal,  wb  mu8t  a<imit  that  the  aniniid  has  *c- 
quired  a  tolerance  to  the  pathojifenic  action  of  these  toxic  Bubstanoet, 
for  their  presence  no  longer  gives  rise  to  any  morbid  phe 
And  this  being  the  case,  we  are  not  restricted  to  the  expl 
that  immunity  depends  upon  a  restraining  influence  exercised  u^na 
the  microbe  when  subnetiuently  mtroduceJ. 

The  Vital  Resi.'ifance  Theory. — Another  exphination  offers  itaeif. 
viz.,  that  immunity  depends  upon  an  aiynired  tolerance  to  the 
toxic  prod iivfs  of  jxttfioQcuii'  bacteria.  Tliia  is  a  view  which  tfae 
writer  liiis  advocated  in  various  pubhslied  j>aiiers  since  1881.  Ina 
paper  contributed  to  the  American  Journal  of  the  Medical  Sit- 
ences  in  April,  1S81,  it  is  presented  in  the  following  lan|;ua|;e: 

"The  view  that  I  am  endeavorinf^  to  elucidate  is  that,  during  ■  oon- 
fatal  attack  of  ono  of  the  specific  diseases,  the  cellular  elements  implkatai 
which  do  not  Kuceuinb  to  the  destructive  influence  of  the  poison  acquit*  a 
toleraiico  to  this  poi6.on  which  is  transmissible  to  their  pro^ny,  and  whick 
is  the  i'ea8i>n  of  the  excmptiuu  whitli  the  individual  enjoys  from  fotan 
attacks  of  tlie  same  disease."  ' 

In  my  chapter  on  "Bacteria  in  Infectious  Diseases,"  in  "B«o« 

teria,"  publi.>iheit  in  the  spring  of  188-i,  but  placod  in  the  hands  o£  tlis 
jiublishers  in  1883,  I  say: 

'■  It  may  Iw  that  the  true  explanation  of  the  immunity  affor<i<sl  by  a  it.:  i 
attack  of  an  inf«'lii>us  eerin  disease  is  to  bo  found  in  anooquiriNl  U»].'r.iii>>' ; 
llie  action  of  a  chemiciu  poison  produced  by  the  microorgaiiisiu.   *uJ 


tiuent  ability  to  bring'  tlio  resources  of  nature  to  boar  to  restrict  inVMioa  \f 

the  i>arasite." 

The  '*  resources  of  nature  "  are  referred  to  in  the  same  chaptar  W 

follows  : 

"The  hypothesis  of  PaatAUrwouId  account  for  the  fact  tlmt  one  indivjdnil 
suffers  a  severe  altJtck  and  another  a  mild  attack  of  an  iufectioiu  diiMak 
after  being  subjected  to  the  influence  nf  the  poison  under  ideaLienl  eticoB 
stances,  by  the  supposition  that  the  |Kibulum  required  for  the  rtriTnlnpnwit 
of  this  particular  poison  is  more  abundant  in  the  body  of  one  indindul 
than  in  the  other.  The  cxplaaatiou  which  seems  to  us  more  sotiiufAicuxy  il 
that  the  vitjil  resistance  otfoi-ud  by  the  cellular  elements  in  the  boibnof 
these  two  individuals  was  not  the  same  for  tliis  poison.  It  is  well  kocwa 
that  in  condill'^us  of  lowered  viUility  resulting  from  starvaliun,  pcoftw 
disclmrffos.  or  any  otiier  cause,  the  power  to  n-sist  disease  poisons  ta  k'**^? 
diminished,  arid,  conse(|Ucutly,  that  the  susceptibility  of  tlie  came  indlTidiMl 
differs  at  different  times 

"  Fmm  our  point  of  view,  the  bhxKl,  as  it  is  found  within  the  vsanlaof  • 
living  animal,  is  not  simply  a  culture  fluid  maintained  at  a  tix««l  tMOpsn* 
tare,  l>ut  under  these  circtimstances  is  a  tissue,  the  histolo^ncvl  elemoott  *i 
which  present  a  certain  vital  resistance  to  pathogenic  organisms  which  msr 
be  introduce<l  into  the  circulation. 

"  If  we  add  a  small  quantity  of  a  culture  thiid  containins;  the  bsc&srisof 
putrefaction  to  the  blood  of  an  animal,  withdrawn  from  the  rircuUtiflo  iali 
•  proper  receptacle  and  maintained  in  a  culture  oven  at  hl«>od  heaU,  we  will 
find  that  these  bacteria  miUtiply  abundantly,  and  evidence  of  patrafscttTt 

'  "  What  i«  the  Explanation  of  the  Proleclion  from  Sutisequpiil  Attacks,  iwm* 
Inp  from  un  Atuck  of  Certain  Diseases,  etc  ?  "  Ainericnn  Jounial  of  the  Medial 
tH-ienci-s,  April,  1881.  p.  37<). 
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decomfwaition  will  soon  be  perceived.  But  if  we  inject  a  like  quantity  of 
the  culture  fluid  with  its  contained  bacteria  into  the  circulation  of  a  living 
aninial,  not  only  does  no  increase  and  no  putrtifactive  change  occur,  but  the 
b;icteria  introduced  quickly  disiippear,  and  at  the  end  of  an  hour  or  two  the 
most  careful  niicroscopical  exuiuination  will  not  reveal  (ho  presence  of  a 
single  bacterium.  This  difference  we  HMcribe  to  the  vital  properties  of  the 
fluid  as  contained  in  the  vessels  of  a  living  atiiinal;  and  it  seems  probable 
that  the  little  masses  of  pi-otoplasni  known  as  white  bltKMl  corpuscles  are  the 
essentia!  bLstoIogical  elements  of  the  blood,  so  far  as  any  manifestation  of 
vitality  is  concerned.  T!te  writer  has  eliiewhere  (l^Sl)  suggested  that  the 
disappearance  of  the  bacteria  from  the  cireulatiim,  in  tfie  e.vperimeut 
referred  to,  may  lie  effected  by  the  white  corpuscles,  which,  it  is  well  known, 
pick  np.  after  the  manner  of  ania:?b;e,  any  {wrticles,  orffanic  or  inorsranic, 
which  come  in  their  way.  And  it  requires  no  great  .stretch  of  ci-edulitv  to 
believe  that  they  may,  like  anaiiurJKi,  digent  and  amimilate  the  protopl'affm 
of  t)te  captured  bacterium,  thus  putting  an  end  to  ilie  po»Hibility  of  its  do- 
ing any  harm. 

"  In  the  case  of  a  pathogenic  oryiinism  we  may  imagine  that,  when  cap- 
tured in  this  way,  it  may  share  a  like  fate  if  the  captor  is  not  (Jiii-aly/ed  by 
some  potent  iRiison  evolvetl  by  it,  or  overwhelmed  by  its  superior  vigor  and 
rapid  muUiplication.  In  the  latter  event  the  active  wireer  of  our  conserva- 
tive white  corpuscle  would  bo  quiokty  terminated  and  its  protoplasm  would 
serve  as  f<-H>d  for  the  enemy.  It  is  evident  that  in  a  contest  of  this  kind  the 
balance  of  power  would  depeud  upon  circurastances  relating  to  the  inherited 
vital  chaiiicteristics  of  the  invading  parasite  and  of  the  invaded  leucocyte." 

In  the  same  chapter  the  writer  quot-om  frttm  hi.s  pain^r  on  acquired 
immunity,  published  in  lASl,  as  follows  : 

"The difficultiesinto  which  thi-shypothesis  [the  exhaustion  theory  of  Pas- 
teur] leads  us  certainly  justify  us  in  looking  further  for  an  explanation  of  the 
phenomena  in  question.  This  explanation  is,  I  believe,  to  be  found  in  the 
peculiar  properties  of  the  protoplasm,  which  is  the  essential  framework  of 
every  livnig  organism.  The  properties  refcn-ed  to  ai-e  the  tolerance  which 
living  protoplasm  may  acquire  to  certain  agents  which,  in  the  lli*st  instance, 
have  an  injurious  or  even  fatal  influence  upon  its  vital  activity  :  and  the 
properly  which  itpos-sesses  of  transmitting  il.s  peculiar  qualities,  inherent  or 
acquired.  thi"ough  nunierou.s  generations,  to  its  olfshoots  or  progeny. 

"  Protoplasm  is  the  essential  living  portion  of  tJie  celluhirelenientsof  ani- 
mal and  vegetable  tissues;  but  as  our  microscopical  analy-sjs  of  the  ti.s-suesha.s 
not  gone  bey^md  the  cells  uf  which  they  are  composed,  and  is  not  likely  to 
reveal  to  us  the  coinplicaled  molecular  structure  of  the  protopla.sm,  upon 
which,  possibly,  the  properties  under  ci>nsitieration  de|jend,  it  will  be  best, 
for  the  present,  to  limit  ourselves  to  a  consideration  of  the  living  cells  of  the 
body.  These  cells  are  the  <lii*ect  descendants  of  the  pre-existent  cells,  and 
may  all  be  trac«d  back  to  tlic  sppnu  cell  and  the  germ  cell  of  the  parents 
Now,  the  view  which  I  am  en<ieavoring  to  elucidate  Ls  that,  during  a  nun- 
fatal  attack  of  one  of  the  speciHc  di.seiiseisi,  the  cellular  elements  implicated, 
which  do  not  succumb  to  the  destructive  iuHuence  of  the  poison,  acquire  a 
tolerance  to  this  poison  which  is  transmissible  to  their  progeny,  and  which 
is  the  reAson  of  the  exemption  which  the  individual  enjoys  from  future 
attacks  of  the  same  disease. 

"  Tlie  known  facts  in  regard  to  the  hereditary  transmission  by  cells  of  ac- 
quired proi)erties  make  it  easy  to  believe  in  the  transmission  of  Fuch  a 
tolerance  as  we  imagine  to  be  acquired  during  the  attsick;  and  if  it  is  r^hown 
by  analogy^  that  there  is  nothing  improbable  in  the  hypothesis  that  such  a 
tolerance  is  a<.*quired,  we  shall  have  a  rational  explanation,  not  of  heredity 
and  of  the  mysterious  properties  of  protoplasm,  but  of  the  particular  result 
under  considei"ation.  The  transmi.ssion  of  acquired  properties  is  siiowu  in 
the  budding  and  grafting  of  choice  fruits  and  (lowers,  produced  by  cultiva- 
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lion,  upon  the  wild  stiick  from  which  Ihey  originated.    Tlie  acquir«d  , 

ties  are Iranstnitted  indefinitely;  and  the  same  sap  which  on  one  twi^i 
ishes  a  sour  crab  apple,  on  aaothcr  one  of  tlie  same  braach  is  elaborated  J 
u  delicious  pippin. 

"  The  tolerance  to  narcotics — opium  and  tobacco — and  to  corpo«ive  po 
— arsenic — which  results  fnim  a  gradual  increase  of  dose,  may  bo  cited  i 
example  of  acquired  lulerance  by  Jivitij^  protoplasm  to  poLsoas  which  •!  the 
outlet  would  have  boon  fatal  in  much  smaller  doses. 

"The  immunity  which  an  individual  enjoys  from  any  particular  d !,■,■« 
must  be  looked  upon  as  a  p<:iwer  of  resistance  possessed  by  the  cetlular  «l^ 
ments  of  those  tissues  of  his  liody  which  would  yield  to  the  poisoa  in  d* 
case  of  an  unprotected  person." 

This  theoiy  of  immunity,  advanced  by  the  author  in  1881,  hm 
received  conHiJerable  support  from  investigations  made  since  that 
date,  and  especially  from  the  experimental  demonstration  hy  Sal- 
men,  Koux,  and  others  that,  as  suggested  in  the  paper  frum  whkli  I 
have  quoted,  immmiity  may  re.sult  from  the  introtiuction  into  th* 
botiy  of  a  susceptible  animal  of  the  soluble  products  of  baoierial 
growth — filtered  cultures. 

The  theory  of  vital  resistance  to  the  toxic  products  evolTed  bj" 
pathogenic  bacteria  is  also  supported  by  numerous  ezpefjnmtl 
which  show  that  natural  or  acquireil  immunity  may  be  ovarou— 
when  these  toxic  products  are  introtiuced  in  excess,  or  wlien  theTitil 
resisting  power  of  the  animal  has  been  reduced  by  various  a^peacw 

More  direct  experimoutal  evndenco  in  favor  of  the  view  under  edK* 
sideration  is  that  obtaintMl  by  Beumer  in  his  exi>eriment«  with  stflril- 
ixed  cultures  of  the  tyjilKiid  bacillus.  He  found  that  after  the  !*• 
peated  injection  of  non-lethal  doses  mice  were  able  to  reebt  H 
amount  of  this  toxine  which  was  fatid  to  animals  of  the  same  i|M>- 
cies  not  so  treated.  But,  on  the  otiier  hand.  Qamaleia  found,  in  hi» 
ex[H^nineiit8  upon  guinea-pigs  which  had  been  made  iirununea^UMl 
the  pathogenic  action  of  a  spirillum,  called  by  him  Vibrio  MeftwArf' 
kovi,  that  these  aninials  have  no  increased  tolerance  for  the  tone 
protlncts  of  thi««  microSrganism.  Although  immune  against  iofee- 
tion  by  the  living  nvicrolie,  they  were  killeil  by  the  same  quantitj  of 
a  BtorilJsieJ  culture  as  was  fatal  to  guinea-pigs  which  had  not  bea 
remlered  iumiune. 

Charriii  has  obtnined  similar  results  in  experiments  with  fthnvd 
cultures  of  Bacillus  pyocyaneua.  Rabbits  which  had  an  artiHcial  im- 
munity against  the  pathogenic  action  of  the  bacillus  were  kilkd  bjr 
doses  of  a  sterilissed  culture  such  as  were  fatal  to  other  mbbilB  of  lb* 
same  size  not  immune.  In  subsequent  experiments  by  Charrin  aiiii 
Gameleia  "  vaccinatotl  "  rabbits  were  found  to  bo  even  more  etxscepO- 
ble  to  the  toxic  action  of  filtereil  cultures  tlian  were  those  not  raori- 
nated.  Metschnikoff  (181)1)  has  followed  up  this  line  of  experimcsi, 
and  has  shown  that  when  considerable  amounts  of  filtered  coiton* 
of  Bacillus  pyocyaneus  are  injected  subcutaneously  in  rftbbtt■aOl^ 
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tain  tolerance  to  the  toxic  action  of  the  same  cultures  is  established 
in  some  instances.  But  his  results  do  not  give  any  substantial  sup- 
port to  the  view  that  immunity  depends  upon  an  acquired  tolerance 
to  the  toxic  action  of  the  chemical  products  cotitaineil  in  cultures  of 
the  pathogenic  Iwicteria  with  which  he  experimented — Bacillus  pyo- 
cyaneus  and  Vibrio  Metscbnikovi. 

In  \ie\y  of  the  results  of  ex|HTimenta.l  researches  above  recorded, 
and  of  other  recent  experiments  whidi  show  that,  in  certain  cases  at 
least,  acquired  immunity  dept^nils  upon  the  formation  of  an  anti- 
toxine  in  the  boflj"  of  the  immune  animal,  we  are  convinced  that  the 
theory  of  immunity  under  discussion,  first  proposed  by  the  writer  in 
1881,  cannot  be  accepted  as  a  sufficient  explanation  of  the  facts  in 
general.  At  the  same  time  we  are  inclined  to  attribute  considerable 
importance  tu  acquired  t<iilerance  to  the  toxic  products  of  pathogenic 
bacteria  as  one  of  the  factors  by  which  recovery  from  an  infectious 
disease  is  made  possible  and  subsetjuent  immunity  established. 

The  "  vitjd-resistance  theory  "  of  the  present  writer,  as  set  forth 
in  the  above-quotod  extracts  from  his  published  papers,  is  essentially 
the  same  as  that  mlvocated  by  Buchner  at  a  later  date  (l!S8;i).  Buch- 
ner  supposes  tlmt  during  the  primary  infection,  when  an  animal  re- 
covers, a  "  reactive  change  "  has  been  produced  in  the  cells  of  the 
body  which  enables  it  to  prote<;'t  itself  from  the  patliogenic  action 
of  the  same  micro<jrganism  when  subsequently  introduced. 

Of  course  when  we  alfecribo  immunity  to  the  "  vital  resistance''  of 
the  cellular  elements  of  the  lx»tly,  we  have  not  explained  the 
fnodus  operandi  of  this  vital  resistance  or  "  reactive  change,"  but 
have  simply  affirmed  that  the  phenomenon  in  question  depends  upon 
some  acquired  property  residing  in  the  living  celluhir  elements  of 
the  bo<iy.  We  have  suggested  that  tliat  which  has  been  acquired 
is  a  tolerance  to  the  action  of  the  toxic  products  produced  by  patho- 
genic bacteria.  But,  as  alreatly  states!,  in  the  light  of  recent  experi- 
ments this  theory  now  appears  to  us  to  be  untenable  as  a  general 
explanation  of  acquire<l  immunity. 

nie  Theory  of  Phagotujtoitis. — The  fact  that  in  certain  infectious 
diseases  due  to  bacteria  the  parasitic  invaders,  at  the  point  of  inocu- 
lation or  in  the  general  Wood  current,  are  picked  up  by  the  leuco- 
cytes and  in  properly  staine*!  preparations  may  be  seen  in  their  in- 
terior, has  been  known  for  some  years.  In  mouse  septiciemia — an 
infectious  disease  described  by  Koch  in  his  wtirk  on  "  Traumatic 
Infectious  Diseases,"  published  in  1878 — the  slender  bacilli  which  are 
the  cause  of  the  disease  are  found  in  large  numbers  in  the  interior  of 
the  leucocytes.  Koch  says,  in  the  work  referred  to  :  "  Tlieir  rela- 
tion to  the  white  blood  corpuscles  Ls  peculiar  ;  they  penetrate  these 
and  multiply  in   their  interior.     One  often  finds  that  there  is 
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hardly  a  single  white  corpuscle  in  the  interior  of  which  bacilli  can- 
not be  seen.  Many  corpuscles  contain  iaolated  bacilli  only;  others^ 
have  thick  masses  in  tlioir  interior,  the  nucleus  being  still  recog- 
nizable ;  while  in  others  the  nucleus  can  be  no  longer  distinguished  ;  i 
and,  finally,  the  corpuscle  may  become  a  cluster  of  bacilli,  breaking 
up  at  the  margin — the  origin  of  which  one  could  not  have  explained 
had  there  been  no  opportunity  of  seeing  all  the  intermediate  8tei>s 
between  the  intact  white  corpuscle  and  tliese  masses  "  (Fig.  78).  It 
will  be  noted  that  in  the  above  quotation  Koch  affirms  that  the 
bacilli  penetrate  the  leucoc3rte8  and  multiply  in  their  interior.  Now, 
the  theory  of  phagocytosis  assumes  that  the  bacilli  are  picked  up  by 
the  leucocjies  and  destroyetl  iu  their  interior,  and  that  immunity  de- 
pends largely  up<jn  the  p«jwer  of  these  "  phagocytes"  to  capture  and 
destroy  living  pathogenic  biicilli. 

The  writer  suggasted  this  as  an  hjT>othesi8  as  long  ago  as  1881, 
in  a  paper  read  before  the  American  Association  for  the  Advance- 
ment of  Sciencej  in  the  following  language: 

"  It  has  occurretl  to  me  that  possibly  the  white  corpuscles  may 
have  the  office  of  picking  up  and  digesting  bacterial- organisms  which 


Fia.  78.— Bacilliu  of  mouw  aeptlcaemis  in  leucocytea  rrom  blcx>d  of  mouse  (Koch). 

hy  any  means  find  their  way  into  the  blood.  The  pn>pen8ity  exhib- 
ited by  the  leucocytes  for  picking  up  inorganic  granules  Ls  well 
known,  and  that  they  may  be  al>Ie  not  ouly  to  pick  up  but  to  assimi- 
late, antl  so  dispose  of,  the  bacteria  which  come  in  their  way,  diiea 
not  seem  to  me  very  improbable,  in  view  of  the  fact  that  amcebaB, 
whicli  resemble  them  so  closely,  feed  ujMin  bacteria  and  suuilar  or- 
ganisms." ' 

At  a  later  date  (1884)  Metachuikoff  offered  e-xperimental  evi- 
dence in  favor  of  this  view,  and  the  explanation  suggested  in  the 
above  quotation  is  commonly  spoken  of  as  the  Metschnikoff  theory. 

' "  A  Contrihution  to  the  Study  of  Bacterial  Organiams  commouly  found  upon 
EJiposwl  MucousSurfiicea  aad  in  the  Alimentary  Caiml  of  Ilcjiltliy  laiiiridiiols."  Il- 
lustrated by  photomicrographs.  Proceedings  of  tlie  Amepti-4iu  ABSOciiition  for  Ad- 
Tiincement  of  Scii-iice,  ISSl,  Salem,  l-SSJ.  xxx.,  Sii-M.  Also  ia  Studies  from  the 
BioloRicul  Lrfilwnitrtry,  .ToJins  Hopkins  University,  Battiinorc,  vol.  ii.,  No.  2,  188i. 
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The  observations  which  first  led  Metschnikoff  to  adopt  this  view 
were  made  upon  a  species  of  daphuia  which  is  subject  to  fatjil  infec- 
tion by  a  torula  resembling  the  yeast  fungus.  Enteriug  with  the 
food,  this  fungus  jwuetrutos  the  walls  of  the  intestine  and  iiivadtis  the 
tissues.  In  certain  cases  the  infection  does  not  prove  fatal,  owing,  as 
Metschnikoflf  asserts,  to  the  fact  that  the  fungus  cells  are  seized  upon 
by  the  leucocytes,  which  appear  to  accumulate  around  the  invading 
parasite  (chemiotaxis)  f<jr  this  special  purpose.  If  they  are  success- 
ful in  overpowering  and  destroying  the  parasite  the  animal  recovers ; 
if  not,  it  succumbs  to  the  general  infection  which  results.  In  a  simi- 
lar manner,  MetachnikofF  supposes,  jiathogenic  bacteria  are  destroyed 
when  introduced  into  the  body  of  an  imniune  animal.  The  colorless 
blood  corpuscles,  which  he  designates  phmjocytes,  accumulate  at  the 
point  of  invasion  and  pick  up  the  livnng  bacteria,  as  they  are  known 
to  pick  up  inorganic  particles  injected  into  the  circulation.  So  far 
there  can  be  no  doubt  that  Metschnikoff  is  right.  The  presence  of 
bacteria  in  the  leucocytes  in  considerable  numbers,  both  at  the  point 
of  inoculation  and  in  the  general  circulation,  hits  been  rfpeate<lly 
demonstrated  in  animals  inoculated  with  various  pathogenic  bacteria. 
The  writer  okservcd  this  in  his  experiments,  made  in  1881,  in  wliich 
rabbits  were  inoculated  with  cultures  of  his  Micnx'occus  Pasteuri  ; 
axid  it  was  this  obsei-vation  which  led  him  to  suggest  the  theory 
which  has  since  been  so  vigorously  suppiirted  by  Metschnikoff,  But 
the  presence  of  a  certain  number  of  bacteria  within  the  leucocytes 
does  not  prove  the  destructive  power  of  these  cells  for  living  pivtho- 
genic  organisms.  As  urged  by  Weigert,  Baumgarten,  and  others, 
it  may  be  that  the  bacteria  were  already  dead  when  thej'  were  picked 
up,  having  been  destroyed  by  some  agency  outside  of  the  blood  cells. 
As  heretofore  stated,  we  have  now  exj)erimeuta.l  evidence  that  blood 
serum,  quite  independently  of  the  cellular  elements  contained  in  it 
in  the  circidation,  has  decided  germicidal  jxtwer  for  certain  patho- 
genic bacteria,  and  tliat  the  blm«i  Ht!runn)f  the  rat  and  other  animals 
which  have  a  natural  immunity  against  anthrax  is  especially  fatal 
to  the  anthrax  bacillus. 

Numerous  experiments  have  been  made  during  the  past  two  or 
three  years  with  a  view  to  deti*rmining  whether  pathogenic  bacteria 
are,  in  fact,  destroyed  within  the  leucocytes  after  being  picked  up, 
and  different  experiraentoi-s  have  arrived  at  different  conclusions. 
In  the  case  of  mouse  8eptic;emia,  already  alluded  to,  and  in  gonor- 
rhoea, one  would  be  disposed  to  decide,  from  the  appearance  and  ar- 
rangement of  the  pathogenic  bacteria  in  the  leucocytes,  that  they  are 
not  destroyed,  but  that,  on  the  other  hand,  they  multiply  in  the  in- 
terior of  these  cells,  which  in  the  end  succumb  to  this  parasitic  in- 
vasion. In  both  of  the  diseases  mentioned  we  find  leucocytes  so 
17 
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completely  filled  with  the  pathoKenic  inicroorganistns  that  it  is  difi- 
cult  to  believe  that  they  have  all  been  picked  up  by  a  voracious 
gocyte,  which  has  stuffed  itself  to  repletion,  while  numerous 
leucocytes  from  the  same  source  and  in  the  same  microscopic 
view  have  failed  to  capture  a  single  bsicillus  or  micrococcus.  MoR^ 
over,  the  staining  of  the  parasitic  invaders,  and  the  characteristac  ar- 
rangementof  the  "  gonococcus "  in  stained  preparations  of  gaaanhaal 
pus,  indicate  that  their  vitality  has  not  been  destro^'od  in  the  iaiariac 
of  the  leucoc^-tes  or  pus  cells,  and  we  can  scarcely  doubt  that  tfe 
large  number  found  in  certain  cells  is  due  to  multiplication  in  nH 
rather  than  to  an  unusual  activity  of  these  particular  cells.  B«lJ  di 
certain  infectious  diseases,  and  especially  in  anthrax,  the  bacilli  is- 
eluded  within  the  leuctwrtes  often  give  evidence  of  deigenendn 
cliangea,  which  would  support  the  view  that  they  are  destroyed  lif 
the  leucocytes,  unless  these  changes  occurred  before  they  vrare  pichd 
up,  !is  is  mainti^iiued  by  Nutt^iU  and  others.  We  caonitt  t^itmH*^ 
this  question  as  definitely  settle<l,  but,  in  view  of  the  importBDBt 
attached  to  the  theory  of  phagocytosis  by  many  pathologists  and  I**- 
teriologjsts,  we  reprotluce  here  a  paper  by  MetHchnikoff  in  Trfaicfa  bit 
views  are  fully  set  forth  : 

LECTURE  ON  PHAGOCYTOSIS  AND   IMMUNITT.* 

It  is  not  possible  to  study  the  bacteriology  of  disease  trithoot  iifl<rii^ 
that,  while  in  umrty  cases  the  invading  nucroorganistns  are  to  be  ' 
solely  ia  the  fluids  of  the  body,  in  not  a  few  atfectioris  they   preaeot 
selves  in  the  interior  of  certain  cells,  and  tliis  either  ixirtinlly- 

withiu  the  cells,  others  free  in  the  blood  pla«rna  and  the   lymph   

the   various  tissues — or  exclusively,  all   the  bacteria  that  an  TWbh 
iiitnicellular.     Many  of  the  facts  bearing  upon  the  terms  of  this  ._ 

betw«.«t>ii  lis.Hue  cell  and  microorganism  are  now  well  known,  yet  it 

while  to  recapitulate  tlie  more  important,  in  order  to  show  that  froai  tbiai 
is  possible  to  gain  a  geiieml  law  ;  and  what  is  more,  that  from  a  t-t  < '  ' 
such  facts  some  insitrht  may  be  gained  into  the  phenomena  of  iuunoi. 

It  may,  in  the  first  phu-e,  be  i>osluIate<l  that  whenever  a  micmdrruuw 
is  discuverable  within  a  cell  its  passuj^e  thither  has  been  by  nMaaaoT  pM^ 
piasuiic  or  aiaoeboid  muvements.  cither  on  the  part  of  the  inicroboor  ct  At 
cell  itself,  The  first  alternative  is  the  rarer,  altliough  it  oortainly  tintbt.  — ^ 
of  this  the  malarial  parasite  aifords  an  excellent  example;  ftjr  botv  iatti 
atiui>boid  sta;;e  of  its  existence  Uie  h%matozoon  makes  its  way  into  tbe  is- 
ti'rior  of  a  cell  that  possesses  no  active  movements  of  its  own,  namtiy,  lif 
rt-Hl  blood  corpuscle,  and  from  the  substance  of  this  corpuacl'e  tbe  paiMtt 
gains  its  nourishment.  Other  sporozoa  furnish  instances  almost  sqaifly 
good.  More  commonly,  however,  as  in  tiie  case  of  all  bacteria,  wbsrt  v* 
have  to  deal  with  microorganisms  which,  even  when  mobile,  are  ilsHJtiili  rf 
protoplasmic  appendaj^es,  it  is  the  cells  which  play  the  active  p«rt : 
colls  include  the  parasites.     Of  such  the  ama3biform  leucocyte  of  Uw  _ 

and  lymph  is  the  most  typicjil  examnlv.  capable,  as  it  is,  of  seodiaf . 

pscudopcxliain  all  dircctioii.s,  while  a cl<»sely  allied  form  is  the  ceil  Mils 

'  Delivered  at  the  Institut  Pa.<»teur,  December  29lh,  1««.  bv  I>r.  EUm  '. . .  . 
koff.  Chef  de  Service  de  I'lnalitut  Pttsleur,  Paris  ;  late  Professor  of  Zw4lo0  is  i 
UntTeraitj  of  tKlc»g*.  "^ 
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aplfnic  pulp.  But  there  are  also  cells — as,  for  instance,  those  forming  the 
endothelial  lining-  of  the  ve-ssels— which  are  very  cletiiiiLely  fixed,  which 
nevertheless  ciin  give  off  protoplasauc  processes  from  their  free  surface  and 
so  capture  and  include  bacteria. 

All  these  may  be  siioken  of  as  phagocytes,  and  may  be  divided  into  the 
two  broad  groups  of  fibred  phag-ix-ytes  (endothelial  cells,  etc.)  and  free  (leix- 
cocytes).  Not  that  the  terms  "  phagocyte  "  and  ' '  leucocyte ''  are  synonymous, 
for  of  the  latter  three  niaia  forms  may  be  distiuguisbied,  of  which  one  is 
practicallv  immobile  and  never  takes  up  bacteria.  This  ia  the  Ij/ntphoeyte, 
cliaracterizod  by  its  roiatively  small  sixe,  its  large  single  nucleus,  and  the 
small  amount  of  surrounding  protoplasm.  The  two  remaining  (phagocytic) 
forms  are,  first,  the  large  uninuclear  leucocyte,  whose  prominent  nucleus  is 
at  times  lobed  or  reniform.  which  stains  well  with  anihne  dyes  and  possesses 
much  protoplasm  and  active  amoeboid  movements — the  macrophage — and, 
second,  the  micropkage,  a  small  form,  also  sLainiiij^  well,  but  either  multi- 
nuclear  or  with  one  nucleus  ia  the  process  of  breakuig  up.  If  now  we  com- 
pare the  endotheUal  cells  with  these,  it  is  evident  that  their  properties  con- 
nect them  closely  with  the  macrophage  ;  and,  in  fact,  there  is  now  little  or 
no  doubt  that  a  very  large  proportion  of  the  macrophages  are  of  endothelial 
origin. 

Leaving  aside  the  subject  of  amfebotd  microbes  and  their  life  within  ani- 
mal cells,  it  is  to  the  pliagocytes  and  their  relation  to  the  bacteria  that  I  wish 
specially  to  draw  your  attention. 

Taking  as  wide  a  view  as  possible  of  this  relationship,  we  can  first  deter- 
mine that  the  more  malignant  Die  viicroorganism  the  rarer  is  its  presence 
itritbin  the piuigocyte.  Tlius  in  those  which  of  all  diseases  are  the  most 
rapidly  fatal — in  chicken  cholera  affecting  birds  and  rabbits,  in  hog  cholera 
("cholera  des  pores")  given  to  pigeons  and  rabbits,  in  the  anthra-x  of  mice 
and  other  specially  sensitive  animals,  in  the  "septicemie  vibrionienne"  of 
guinea-pigs  and  birds,  and  in  yet  other  diseases  of  peculiarly  swift  course — 
the  corresponding  bacteria  are  only  very  e.xceptionally  Ui  be  found  within 
the  cells,  but  remain  free  in  the  neighborhood  of  their  introduction  and 
thence  invade  the  blocxl.  For  all  the  above-mentioned  di.seases  are  not 
localized,  but,  on  the  contrary,  present  the  charactera  of  general  acute  sep- 
ticaemia, causing  death  within  twenty  to  thirty-six  hours,  or,  in  certain 
cases,  even  within  six  hours. 

And  when  we  pass  to  those  diseases  in  which  the  bacteria  are  to  be  found 
either  in  part  or  almost  wholly  within  the  pliaj^ocyte.s,  the  same  law  still 
applies  ;  for  in  such  cases  the  disea.se  has  lost  its  suddeune.ss,  tending  to 
have  a  slower  course,  or,  indued,  to  bo  of  a  chronic  nature.  Even  in  those 
afToctions  in  which  an  acute  coui-so  is  accompanied  by  considerable  phago- 
cytt)sis,  the  fatal  termiaation  is  far  from  'x;curriug  at  the  same  early  period 
as  in  the  diseases  recorded  above.  Thus  mouse  septicternia,  characterized  as 
it  is  by  frequent  intracellular  bacteria,  has  a  duration  in  the  mouse  two  and 
a  iialf  times  as  long  as  that  of  anthrax  in  the  same  animal.  But  in  general  a 
well-marked  phagocytosis  is  as-sociated  with  disea.ses  presenting  an  essen- 
tially clirouic  development;  it  is  in  aifections  such  as  tuberculosis,  leprosy, 
rhinosclcroma,  glanders,  that  tlie  sp«citic  bacteria  are  most  readily  taken  up 
by  the  pliagocytes;  it  is  here  that,  at  the  seat  of  the  disease,  we  meet  with  in- 
numerable macrophages — epithelioid  cells  in  which  lie  the  individual  micro- 
organisms. 

Further,  if  we  consider  the  phenomena  associated  with  the  resolution  of 
an  infectious  disease,  this  inverse  relationship  between  tlie  mal'gnancy  of  the 
malady  and  the  oecurifnce  of  phagocytosis  is,  if  pos.sible,  yet  more  clearly 
demonstrated.  Notice,  for  iu-stance,  what  obtains  during  ihe  progress  of  re- 
lapsing fever,  a  malady  still  fuiily  com^non  in  Rus-sia  and  other  Sclavonic 
countries,  and  one  which,  while  pjf.senting  many  diJHculties  to  the  bacteri- 
ologist, in  that  the  speciJic  Bpirocha^lo  basso  far  i-esi.sted  cultivation,  and  in 
that  it  cannot  be  communicated  to  tlieonlituiry  animals  of  the  laboratory,  Ls 
nevertheless  in  many  respects  not  ill  -adjipled  for  our  present  purpose.    Here, 
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during:  the  >fUtMen  access  of  the  fever,  the  spirilla  are  present  in  the  blood  b 
enormous  numbers;  they  all  are  free  in  the  plasma,  and  not  a  single  iota- 
cellular  spirillum  is  to  be  met  with.  During  the  apTretic  sta^^  (and  m  Ifct 
moukcytliisis,  af  the  s«ime  time,  the  stage  of  resolution)  n ot  a  single  frM 
lura  is  discoverable  in  the  blood,  while  the  phagocytes  of  tlie  spleea 
the  microbea.  The  like  nhenoiuena  repfmt  themselves  in  all  those  cases 
it  is  possible  to  follow  tne  fate  of  the  microorganisms  of  acute  di9e»a«d«Tqf 
llie  stage  of  recovery.  Thus  rata  and  pigeons  xvry  frequently  surrt 
attack  of  anthra.K,  and,  where  this  occui-s.  the  bacteria,  which  /it  the 
meucenient  of  the  disease  were  for  the  most  part  free,  now,  during  reaol' 
are  for  the  most  luirt  included  within  leuco<'ytes  ana  splenic  phagocyti 

Nor  is  this  all.  Analogous  phenomena  as  a  rule  attend  immanitj,  i 
most  often  is  but  recoverrf  in  op>;ration  from  the  very  onset  of  a  <^' 
The  more  closely  one  studies  this  condition  of  iTninunity  the  more  is 
to  the  conviction  tliat  immunity  and  recovery  are  very  intimatel 
nectcd;  that  one  can  pasij  by  slight  gradations  from  the  resolution  of 
to  the  piroduction  of  immunity.  So  it  is  that,  in  inoculating:  refractory  t^ 
mals  with  the  microbe  to  whose  action  they  have  been  renaered  immune  it 
is  found  that  the  pai-asite  foegi'n;? /o  rfft"'/o/},  but  that  from  the  onsetatmt^ 
tion  on  tkepart  of  the  organinm  shows  i7.>«'^,  acconijwinied  byaoonodmUi 
emigration  of  leucocytes,  which  soon  include  the  bacteria  in  KTeat  nombsi 

This  relationship  of  phagocytosis  to  acquii-ed  immunity  is  in  thehifkn* 
degree  instructive.     Where  a  given  species  of  animal  is  specially  atoaltTt 
to  the  onslaught  of  one  or  other  micnjorgani.sm,  there,  during  the  mmie  d 
the  disea-se.  the  phagtx^ytes  are  inoivenitive,  including  noue,  or  almnat 
of  the  baoteria.     On  the  other  hand,  when  by  pi-evious  vaccinatioa 
animals  have  been  rendered  refractjory,  their  phagtx-ytes  have  aoquindCbt 
property  of  including  t lie  same  bacteria.     As  an  example  of  this  i  mar  dl* 
the  action  of  the  bacillus  of  anthrax  and  of  the  Vibno  Metschnikon.    h 
ordinary  rabbits  the  development  of  anthrax  is  only  fullowed  byittty 
feeble  phagocytosis,  while  in  vaccinated  rabbits  this  pliaeocytosis  is  Tcno- 
tensive.    Corresponding  but  yet  more  strongly  marked  uiffcrenec«ai«li>hf 
made  out  between  the  unvaccinatcd  guinea-pig — an    animal   nMMt  icedBf 
affected  bj'  the  vibrionic  septiejcmia — and  the  guin«a-pig  vaccinated  *■■<■> 
the  same;  after  inoculation  with  the  Vibrio  Metschnikovi  none  of  theTudoi 
are  to  be  found  in  the  cells  of  the  former;  in  the  latter  tlte  pliagocyttt at* 
simply  replete  with  the  microbes. 

The  facts  enumerated  thus  far  would  seem  to  prove  that  there exifli  a 
certain  antagonism  between  the  niicrol>es  and  the  pnagocytes,  and  tlusTife 
is  confirmed  by  the  fact  that  in  general  the  microbes  mid  the  interior  of  Iks 


phagocytes  an  unfavorable  medium  for  their  development  and  _ 
existence.  Ver^'  often  it  is  po.s.sible  to  determine  absolutely  that  thei 
are  killed  withni  the  pbngcx'ytes;  after  iu(x:ulaliug  n>fractory  animsis ifslk 
bacteria,  an  alHux  of  white  corpuscles  toward  the  region  of  inoculatioo.  Ikrf- 
lowed  by  the  inclusion  of  the  bacteria  and  by  their  death,  is  stwn  Iooccbc 
These  stages  can  be  well  followed  where  the  anthrax  biiciili  are  takea  inf 
the  phagrjcytcJJ  of  auiioals  that  are,  or  have  been  rcndennl,  inimuna  T^ 
occur  afso  with  a  long  series  of  other  niicro<)rganisrus  studied  in  tliiseOfBa*- 
tion,  and,  among  others,  in  theca.se  of  the  tubercle  bacili us invadiJigaaiBili 
that  are  more  or  less  rc-sistant.  The  giant  cells  of  tuberculuKts  ■!%  in  SmC 
hu^  multinuclear  phagocyte's,  and  licre  the  intmcellular  destructtoa  cf  A> 
bacilli  is  the  more  clearly  demonstrable,  inasmuch  as  tiie  mi  1 1  riij^siiifS 
exhibit  such  very  evident  signs  of  dc^ncration;  tlie  l>aciil)  •  :ttr«- 

veloping  membmne  becomes  much  tluckened  and  highly  r«  :  .tvA  a 

time  the  contents  lose  their  power  of  ftxins:  the  staining  Tnateri.»l,  so  UM. 
eventually,  nothing  is  left  out  slightly  yellovvisli  forms,  recallirtg,  in  fi* 
portions  and  position,  the  enlargetl  bacilli;  and  these  shaidowy  boSes 
into  small  ma.sses  of  an  arnlR-r  like  anpearancc.  Analogous  transforak 
never  being  oijs«-rvable  outside  the  phagocytes — that  is  losajr,  either ii 
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ture«  or  iu  casfatiiitj  masses — tlie-s^'ch.'iii^ps  may  well  be  rep^aRlod  as  due  to 
a  .sMciflc  action  upon  llie  part  of  the  giaut  cells. 

The  bn wd  fact  tbat  the  iiiva.siou  or  the  orgauism  by  microbes  most  oftea 
induces,  on  tlie  one  baud,  au  ijiilammatory  reaction  with  itsi associated  emi- 
gratioa  of  leucocytes,  and  that,  ou  the  other  hand,  the  phagocytes  are 
capable  of  iocluding'  and  destrnyitjg-  the  invaders,  leads  us  to  admit  that  the 
afflux  of  phagocijtes  to  the  ittvaded  region,  and  tJieir  buctericidal proijerties, 
we  mechanisma  which  serve  to  uard  ojfliactcn'al  attack  and  to  maintain  the 
integrity  of  tli«  orgamam.  Wher-e  the  phagocytes  do  not,  either  immediately 
or  eventually,  intervene,  but  leave  the  Held  free  to  the  microbes,  these  last 
multiply  without  liintb-ance  and  succeed  in  killing^the  animal  vritliin,  it  may 
be,  an  excessively  short  period.  Tlius  the  microorgani.sm  of  hoi' cholera, 
which  is  left  quite  uiitousiied,  kills  the  pifjeon  in  the  course  of  a  few  hours 
— often  within  five  hours  after  inoculation;  chicken  cholera  kills  not  only 
pistons  but  also  mbbits  in  au  equally  short  period.  In  other  diseases  in 
which  the  pliaf^wyles  appear  upon  the  scene  in  relatively  large  numbera, 
and  even  inchide  the  microtirgTiuisms,  the  latter  gain  the  day  whenever  and 
whenever  the  phagiJCyteg  are  incapable  of  destro^'ing'  them  or  of  preventing- 
their  growth. 

This  manifest  bactericidal  action  is  to  be  compared  with  the  phenomena 
of  intracellular  dig'estion  characteristic  of  amoeboid  cells  in  general,  and  of 
leucocytes  and  other  microbic  phagocytes  in  particular.  Tliese  cells  have 
the  power  of  digesting  with  ease  rt-d  corpuscles  and  other  organized  ele- 
r»ients,  just  as  have  the  anHobte  proper  and  other  protozoa.  Among-  these 
Inst  are  many  which  have  been  found  t^j  include  and  transform  bjicteria  in 
exactly  the  same  way  as  do  the  phagocytes  of  the  higher  animals. 

Now,  in  determining  the  intervention  or  non-intervention  of  the  leuco- 
eytes  in  this  war  between  the  org-anisin  and  the  bacteria,  a  very  great  part 
is  played  by  the  sen.sitiveness  of  these  cells  to  e.tternal  influences,  and  es- 
pecially to  the  chemical  composition  of  their  environment.  The  leucocytes 
are  powerfully  attnicted  by  many  microorganisms  and  the  resultants  of 
their  growth,  and  as  powerfully  repelled  by  others  and  their  resultants,  or, 
as  it  us  expressed,  they  have  a  positive  chcmiota.ris  for  ceiX&in  microbes,  a 
negative  chemiotaxis  for  others.  The  existence  of  the.se  chemiotactic  pi-o- 
perties  has  been  so  clearly  proved  of  late  by  the  researches  of  Leter.  Mas- 
sart  and  Bordet.  and  Gahrit-schevski  that  I  need  not  enter  into  a  fuller  ex- 
planation of  the  subject  here.  Where  negative  chemtotaxis  manifests  itself, 
there,  being  shunned  by  the  white  corpuscles,  the  parasite.s  fi-eelv  projiagate 
themselves  and  induce  the  death  of  tiieir  host.  Nevertheless  this  cliemio- 
Luxis  is  not  immutjdiile,  and  the  cells  can  become  accustomed  to  substances 
fr*>ra  which  they  shrank  at  fii-st — a  negative  may  thus  be  transformed  into  a 
positive  chemiotactic  state.  Such  obtains  in  m-quired  immunity  ;  the  cells 
\Thich  in  the  unvaccinated  animal  never  included  the  bacteria,  now  in  the 
vaccinated  take  tliern  up  readily.  .  .  . 

There  is  not  a  single  portion  of  the  theory  which  I  have  just  expounded 
but  has  encountered  a  lively  opposition.  Even  the  fundamental  fact  that 
tlie  phagrK:yU?s  are  capableof  including  the  microbes  has  had  doubts  thrown 
ujvjn  it;  it  has  been  held  tliat  tlie  latti^r  insinuate  themselves  into  the  for- 
luer.  Only  after  successive  series  of  ol)servations  upon  the  pbagooytes  and 
the  living  microbes  has  it  been  proved  that  assuredly  it  is  the  pbagixiytes 
which,  by  the  aid  of  their  pseiido]K)dia,  themselves  include  the  micro<irgan- 
isins.  The  observer  can  see  the  whole  process  iu  the  case  of  inunoljile  ba- 
cilH — can  see  the  leucocyte  approach,  send  out  paeudopodia,  and  gradually 
include  the  individual  bacillus.  Or,  conversely,  in  ca.ses  of  negative  che- 
miotaxis,  one  can.  in  blood  taken  from  the  monkey  during  the  access  of  re- 
lapsing fever,  ol)serve  the  actively  intiving  spirilla  come  into  contact  with  a 
leucocyte,  and  even  become  attached  by  one  end  to  its  surface  ;  yet,  how- 
ever active  the  movement,  one  never  hnds  that  the  spirillum  succeeds  in 
piercing  the  surface  and  gjiiriing  an  enti-ance.  If  it  be  suggested  that  this 
entry  may  take  place  in  conseciueuce  of  the  force  of  iictive  growth  and  elon- 
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gntioit  iif  bacilli,  Uit'ti,  apart  from  Hjc  fact  that  here  but  one  aft  of  raan  ■ 
embraced,  it  can  bedeterniiiicd  that  this  foree  is  too  feeble — it  can  be»r«, 
that,  during  the  active  gmwth  of  the  anthrax  organism  in  tJio  blood,  lar 
elongating  chains  of  bacilli  curve  in  and  out  betwcsen  the  oorptiseleft,  but 
never  penetrate  the  cells. 

From  another  side  the  objection  has  been  fomiulnte<l  that  iu  tmaxyatn 
the  organiijin  evts  rid  of  its  iuvuders  without  the  aid  of  the  pbagoorlak 
According  to  those  who  support  this  objection,  this  happens  in  the  satkni 
of  pigeons  (Caaplowski)  and  of  refractorjr  rats  (Behrinff,  Fmnck),  in  fJiB^ 
tomatic  anthrax  of  various  refracUjry  animals  (Rogowicz),  and  iu  tfaewpti 
cieniia  of  vaccinated  guinea  pigs,  due  to  the  Vibrio  Metschnikovi  (R.  Pwtf 
fer).  A  reexamination  of  the  cases  here  adduced  has,  howevrr,  Jba^tn 
that  in  each  a  very  cousi<leral>le  phagocytosis  can  be  provMj.  and  that  tk* 
negative  results  of  the  above  observers  have  been  duo  to  iu8ul]lci«otaMdwi> 
of  observation. 

While  accepting  that  the  phagoovtes  do  truly  alis<3rb  the  taitUKtBt^m- 
isms,  other  opiMUienls  of  the  theory  nave  in-ged  that  these  cells  an  obJt 
capable  of  including  niicroiirganisuis  already  killed  by  other  maaiM,  mm 
that  living  microbes  are  solely  to  be  found  within  the  cells  in  those  cmb 
where  there  hiw  b<c"en  a  fatiil  ending— iu  tuberculosis,  mouse  BepliciEinia,aBd 
so  on.  Against  this  may  be  brought  the  fact  determined  by  Lulmrsdi.  that 
the  phagocytes  of  sevenil  animals,  refractory  to  anthrax,  take  up  livtnff  l» 
cilli  that  have  Ix-en  injected,  with  greater  eagerness  than  th«?y  include  wflv 
wliich  have  been  killwl  before  in jection.  But,  further,  this  objectioa  ■■!? 
bt>  disposed  of  by  dii-cct  observation  of  bacteria  undergoing  aeTsloMMDi 
from  within  the  interior  of  phagocytes  after  the  latter  have  been  d^H&ojal 

tJu  ■ ' 
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by  a  substance  which  is  at  the  same  time  a  favorable  medium  for 
growth— as.  for  in.stance,  beef  broth.     Such  observations  have  been  BmAi 
upon  pigeons  rendered  immune  to  anthrax. 

Duriiig  the  lust  year  or  two  great  stress  has  been  laid  upon  tl»e  fael  lki( 
the  bi>dy  humors  theuistdves  possess  most  marked  bactencidal  [ 

and.  in  fiict,  agiinst  the  th(>orv  of  pliagocvtjwis  has  been  bmuirfal  

baited  ujtorv  this  piDwerof  the  humors  to  aestrov  the  micrui'trKimkBn. 
server  aft<>rob.s<rver  has  remarked  that  in  blood  plasma.  deHbrinatedT' 
blood  serum,  and  in  the  blood  as  a  whole,  in  the  removed  aqu«oas  1 
and  other  Jluids  and  exudations  of  the  IkhIv,  many  species  of  mclari*  ^ 
after  a  longer  or  shorter  interval  ;   and  forthwith  an  endeavor  hiui 
made  to  find  in  these  facts  some  elucidation  of  the  phenomena  << 
Yet  the  more  deeply  one  examines  into  the  question  the  uior- 
vinced  that  no  relationship  exists  between  the  two.     Titus  it  happtuuiulla 
that  the  bactericidal  pniperty  is  more  develo|>ed  in  susceptible  speoioi  " 
iu  refractory  ;  so,  with  regard  to  the  anthrax  bacilli,  in  the   very  MM 
rabbit  the  bactericidal  properties  of  the  humors  are  more  )>ronouncied 
they  are  in  the  refractory  dog;  and  Behring  and  Nissen.  r'  ,  wh 

most  simultaneously  first  drew  our  attei^tiou  to  tliose  plt*-i  m  tlHV 

combined  re.seareh,  recently  publisht^,  admit  that,  as  aipuuni  inei  badMJft 
of  anthrax,  pneumonia,  and  diphtheria,  this  buc tericidal  property  anb  t> 
the  sjiiue  degree  in  tiie  juices  of  animals  of  Uie  Same  specie*.  wbeUier  tl^f 
|je  susceptiblo  or  have  b<.'en  rendered  immuno.  Often.  a.giun,  it  Iim  hHB 
determined  that  the  blood  removed  from  the  organism  has  a  grrmtmr  yuiwr 
of  destnning  b:u-teria  than  it  has  within  the  organism.  A  small  qoaalil^ 
of  blotxrwilTidrawn  from  the  body  will,  in  certain  instances,  kill  a  ntMBa 
bacilli  greater  than  that  which,  injected  into  the  circulation,  would  ia•v^ 
tably  cause  death.  Evidently,  therefore,  in  this  bactericidal  inilueitoe  «zt» 
raacular  phenomena  enact  an  important  role — phenomena,  that  ii^  trkirii 
have  no  connection  with  what  occurs  iu  the  living  refractory  ur^gmnia 

From  another  point  of  view  strong  arguments  have  been  diavrleii 
this  theory  of  the  tissue  fluids.     It  nos  b(>ea  shown,  especially  far  L 
Marches  of  M.  Halfkine.  that  the  death  of  the  bacteria  trsRsporfaed  into «* 
ganio  fluids  is  largely  duo  to  the  sudden  change  of  mediuio.  and  Ubai.  i* 
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jmasiutc  from  one  uiediuiu  to  another  by  sufce^sive  slight  moclifications  in 
the  fluid  of  growth,  it  is  easy  to  make  bacteria  live  iu  fluids  which,  when 
the  change  of  environment  has  been  abrupt,  swiftly  lead  to  their  destruc- 
tion. 

In  order  to  gain  an  idea  as  to  the  part  played  in  the  refractory  animal  by 
the  Huid.s  and  the  phagocytes  respectively,  the'endeavor  has  been  made  to 
separate  the  two  by  placing  under  the  skin  of  frogs  (which  are  naturally 
immune  to  anthrax)  raiiiute  piickets  formed  of  filter  paper  or  of  animal 
membrane,  and  containing  the  bacilli.  The  paper,  wniie  i>ermitting  the 
pssBaee  of  fluid,  wai-ds  otf  the  wandering  amceboid  cells  for  a  certain  time. 
Shielded  in  lliis  way  from  the  phagocytes,  though  exposed  to  the  action  of 
the  juices,  the  bacilli  grow  well  and  produce  the  characteristic  felted  ma.s» 
of  anthrax  filaments.  Bauingarten  has  not  been  able  to  confirm  this  experi- 
ment, but  Hueppeand  Lubarscli  liave  repeatedly  verified  it. 

But  it  is  not  even  necessary  to  take  theae  precautious  in  order  to  assure 
one's  self  that  anthrax  spore.s  germinate  in  the  juices  of  refractory  animals. 
Recently,  for  instance,  M.  Trapezuikott'  iias  found  that,  when  these  spores 
are  injected  into  the  doi-sal  lymph  sac  of  the  frog,  they  constantly  tend  to 
develop  into  bacilli,  whose  further  growth  Ls  stopped  bv  tlie  phagocytes, 
which  include  them,  along  with  such  spores  as  have  not  had  time  to  genni- 
nate.  Eventually  the  bacilli  so  absorbed  are  digested  by  their  hosts,  while 
the  included  spores  remain  intact,  although  incapable  of  giving  birth  to 
bacilli  for  so  long  a  time  as  the  phagocytes  remain  alive.  And  I  might  ad- 
duce other  similar  Ciises.  Such  a  comparative  examination  proves  tiiat  in 
the  living  body  the  bactericidal  pi-^jperty  resides  in  the  phagocytes  and  not 
in  the  fluids. 

Still,  it  may  be  urged  that  po.ssibly  these  cells,  which  can  thus  devour  and 
destroy  the  living  microbes,  are  only  in  a  position  to  attack  bacteria  whose 
vii'ulence  lia.s  already  been  lessened  by  other  means  Were  this  so,  the  mi- 
crobes present  in  a  refractory  organism  should  behave,  not  like  parasites, 
but  as  simijle.  itioffen.sivo  saprophytes.  Hence  tlie.se  micn:)be.s— i>i>werle8s 
to  produce  upon  a  refractory  soil  the  tcvxic  substances  wliich  render  them 
pathogenic  and  dangerous — should  e^wily  be  iu'jiuded  and  destroyed;  so 
that,  according  to  this  liypothesis,  which  has  fivquenlly  been  brought  for- 
'ward,  the  phagocyte.s  play  a  purely  secondary  and  dependent  part,  wHiting 
until  the  microbes  are  weakened  before  they  seize  n(>t)n  tlietu.  In  favor  of 
this  view  the  fact  luus  W'ea  tiled  that  cerLiiri  iijicriioi'g"iiiiisiJis  cultivated  in 
the  blood,  or  serum,  of  vacfiuuled  animal.'*  become  attr-nuated,  so  that  they 
no  longer  induce  a  fat.iil  ilisease.  The  Ba<'illusanthi'aci.s  grown  in  the  blood 
of  vaccinated  sheep  no  longer  kills  i-ahbils,  and,  aceonliiig  to  Roger,  the 
Streptococcus  erysipelutos  gi-owii  iu  the  blood  of  vaccinated  rabbits  only 
occasions  a  sliglit  and  iwissing  disturbance  iu  susctpliltle  membei's  of  tlie 
fame  species.  But  here  again  we  are  dealiug  with  fiuids  withdrawn  from 
the  body,  and  so  modified  in  various  ways.  Let  us  make  an  observation 
more  strictly  to  the  point.  Take,  for  insUince,  a  rabbit  vaccinated  against 
anthrax  aim  inoculate  it  with  anthrax  bacilli,  thus  allowing  these  to  exist 
directly  within  the  refractury  orgaiiLsm.     Such  bacilli  as  are  not  destnjyed 

t reserve  their  virulence  for  a  suIUciently  long  period,  and  it  is  po.ssible  to 
ill  a  guinea-pig  with  a  dropof  exudation,  taken  from  the  region  of  injection 
thirty  hours  after  subcutauenus  inoculation,  eight  days  after  irujculation 
into  the  anterior  chamber  of  the  eye.  A  sojourn  of  so  long  duration  within 
the  vaccinated  organi.sni,  then,  has  not  deprived  the  microbes  of  their  viru- 
lence, although  twenty-four  hours  sutfico  to  completely  attenuate  the 
bacilli  cultivated  in  the  removed  blood  of  vaccinated  sheep. 

Years  a^o  it  was  established  in  M.  Pasteur's  laboratory  that  the  refrac- 
tory organism,  instead  of  being  an  ui)favi>«ihle  soil  for  the  preservation  of 
virulence,  tends  the  rather  to  n.'infctreo  tliis  property.  To  exalt  tlie  viru- 
lence of  an  attenuated  microorgauism.  one  always  employs,  not  animals 
very  susceptible  to  the  si>ecilic  disease,  but  those  which  are  slightly  suscep- 
tible, or  it  may  be,  under  iiiauy  cii*cum.stances,  refractory.     In  this  manner 
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the  most  active  aiitlirax  virus  has  usually  been  obtuiued  by  ^pammge  thrwuh 
birds,  notiibly  fi.vwJs  ;  tho  greatest  virulence  of  chicken  cholera  witM  g»iaai 
by  passafire  through  the  vaccinated  cock;  and  quite  recently  M.  KaOn  hM 
shown  that  pHSsage  of  the  atithnijc  bacillus  through  the  orgajiisma  of  dfl^ 
which  of  nil  uiaiiiuuils  ai-e  the  most  refractory  in  this  respect,  inereMes  ill 
virulence  iu  a  most  reniarkable  manner,  so  that  the  general  law  maj  be  tail 
down  that  an  organism  which  is  but  slightly  susceptible  or  is  refraeUar  ■ 
able  not  only  to  preserve,  but  even  to  exalt,  tlie  virulence  of  bacteria,  ita 
principal  argument  in  favor  of  the  hypothesis  that  pathorenic  JOavif 
^nisms  become  simple  inotfensive  saprophytes  wheu  they  fand  theoHilfa 
ux  a  refractory  region,  loses  therefore  its  rai«on  d'itre. 

M.  Bouchard,  in  his  objection  to  the  theory  of  phasocytosis.  may  be  !•• 
gardcd  us  ioLixiducing  but  a  riiodilication  of  this  hypotfiesis.  He  holdltkit 
pathogenic  bacteria  placed  under  favorable  conditions  give  rise  to  aubsUiWM 
which  hinder  the  infiainmatory  process,  and  that  only  '(vhen  these  iniuhi* 
tory  substances  are  inadequately  represented  do  the  cells  intervene.  Wb«, 
therefore,  the  organism  rendered  refractory  bv  vaccination  becomeaaa  ■»• 
favorable  soil  for  the  ^)«>duftion  of  these  inhibitory  bodies,  tlie  bacteriaen 
no  longer  prevent  the  inflammatory  reaction  ;  free  emigration  of  the  lenro- 
cytes  ensues,  these  cells  seize  upon  the  impotent  microbes  and  put  a  stop  (a 
their  further  growth.  In  this  tlieorv  the  part  played  by  the  phaco^ytn  il 
again  secondary,  depending  u[)on  a  (fearth  of  anti-inilaninuitory  suutaooa 

If  the  theory  could  be  accepted  in  certain  cases,  it  is  nevorthielai imp 
plicable  as  a  general  rule.  In  all  those  affections  which  are  oharBdcriMllPf 
the  absence  of  leucocytes  upon  the  field  of  battle  there  is  certainljr  BO  bn 
of  iiitlainination.  The  very  reverse  obtains.  In  anthrax  alfectllif  Mwfl 
mammuts,  justii!>in  the  vibriouic  septicaemia  of  pigeons  and  giitnea-piigaLMl 
other  analogous  diseases,  we  find  that  there  is  a  verv  distinct  dilatataoa  W 
the  vessels,  accompanied  by  great  exudation  ;  the  iu^aninuttory  murtioa  ii 
well  marked;  nothings  is  wanting  save  the  deternuuation  of  thn  white  cut- 
puscles.  Or,  employing  yet  furttier  that  affection  which  is.  as  it  were,  lilt 
touchstone  of  the  bacteriologist,  a  still  clearer  proof  of  our  runteution  i«  la 
be  gained  if  we  inoculate  a  rabbit  on  the  one  ear  with  a  atnall  quantiljrf 
virulent,  on  the  other  with  a  like  quantity  of  attenuated,  anthrax  vima.  b 
the  course  of  a  few  hours  the  external  signs  of  inilamutation  are  far  nav 
conspicuous  in  the  former  ;  the  vessels  are  greatly  enlargwi  and  thara  ■ 
literaily  a  huge  exudation  of  clear  serous  fluid  into  the  part  ;  in  the  liMv 
the  external  signs  are  less  prominent,  but  examination  of  tlie  seaiofn 
lation  shows  it  to  be  packed  with  leucocytes.  Consequently,  the  pi 
non  we  are  discussing  is  to  be  exiilatned,  not  by  an  absence  of  the  inf 
tory  process,  but  much  more  satisfactorily  by  a  negative  cbemiolaxis  ai  tha 
lcuc<jcytes,  which,  instead  of  being  attracted  bv  the  bacterial  pruducta.  V* 
repelled  ;  where  the  animal  is  vaccinated  or  refractory  a  much  ali^tv  m- 
tlammation  is  sutBcient  to  produce  an  abundant  emi^ratiun  of  tikO  ka- 
cocvtes. 

Recently  Behring  has  brought   forward  another  view  whieb  woold  cs- 
plain  immunity  in  a   wholly  aitferful  way.     According^  to  him,  tba  kir- 
teria  can  live,  and  even  preserve  their  virulence,  iu  the  refraotory  iiij^aiiiMa 
hut  the  toxines  excreted  by  them  now  undergo  a  modiSoUioa  ao  av  to  br 
rendered  completely  inotfensive  for  the  animal.     And   to  this    '*toj:i<:<S- 
pn>perty  "  of  the  or^nism  is  to  be  attributed  the  esaential  quality 
immune  state.     It  is  iin|X)ssible  to  pronounce  upon  the  arguments  th'.< 
led  up  to  this  theory,  for  as  vet  tney  liave  not  been  circutnstantiu 
forth ;  but  already  one  can  declare  that  such  a  theory  is  in  uo  wiae  app- 
to  the  phenomena  of  immunity  in  general.     In  three  disease*  rtatmikaiit- 
for  their  pronounced  toxic  character — vibrionic  septicaemia,  pyoonnia  A^ 
ensn,  and  nog  cholera  affecting  the  rabbit— as  shown  by  the  expenmetita  d 
Charrin,  Qaraal^ia,  and  Selander,  the  toxinea  are  so  httle  attacked  by  Utai*- 
fractory  organism  that  the  same  quantity  of  these  subslanees  (fteed  fraa 
bacteria)  sutlices  to  kill  an  animal  very  susceptible  to  one  or  other 
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and  an  auimal  vai-einat<:-fl  otrainst  it  aiitl  thus  completely  immune.  B^1,  U>o, 
uoii-fatal  doses  of  these  toxiiies  produce  in  animals  of  the  two  CMvtegories  tlie 
same  febrile  and  iuHamnidtory  niiicticms.  Theprixif  is  clear  that  iTiere  is  no 
special  destruction  of  toxines  iu  the  refi-actoiv  animal,  and  that  the  "  toxicide 
property,"  if  it  exists,  is  not  one  whit  more  tfevelopcd  after  vaccination  than 
before.  Passing  in  review  all  these  counter  theories,  we  see  that  each  of 
them  can  only  be  applied  lo  a  certain  number  of  facts  ;  in  some  au  attenu- 
ating or  even  bacteiicidal  inHuence  of  the  juices  is  relied  upon,  in  others  an 
anti-inflammatory  action,  in  yet  otliora  a  toxicide  pnjperty.  Still  the  pha- 
gocytic reaction  is  the  only  constiint  in  all  those  cixses  of  imtnutiity  and 
recovery  that  have  as  yet  been  sufficiently  studied,  and  while  certain  of  the 
factors  mentioned  {the  attenuating  and  toxicide  proi>erties)  do  not  in  the 
least  touch  upon  the  continued  existence  orotherwi.se  of  the  mici-oorjranism, 
the  bactericidal  power  of  the  phagocyte  puts  an  end  to  the  parasite  itself,  and 
thus  at  a  given  moment  prevents  further  manifestation  of  its  virulence,  or 
preserves  the  animal  attacked  at  a  time  when  the  toxicide  pro]>erties  would  be 
found  wanting,  and  the  microbe  remaining  alive  would  consequently  gain 
the  upper  hand. 

But  while  thus  placing  before  you  the  important  part  played  by  the  pha- 
gocytes, I  do  not  wish  it  to  be  thought  that  these  cells  are  unaided  in  their 
contest  by  other  defensive  means  pos.sessed  by  the  organism.  This  is  far 
from  being  my  view.  Thus,  in  the  febrile  reaction,  we  see  a  puissant  auxil- 
iary very  definitely  favoring  the  work  of  the  phagocytes.  Tr'is  febrile  re- 
action has  only  to  be  inhibited — as  was  don©  by  M.  Pasteur  in  the  anthrax 
of  fowls — and  animals  naturally  i-efmctory  to  the  affection  succumb  to  the 
ravages  of  the  bacilli.  It  is  not  possible  at  the  present  time  to  slate  fully 
and  accurately  all  these  influences  which  are  as'^ociated  in  aiding  phago- 
cytic action,  but  already  we  have  the  right  to  maintain  that,  in  the  prop- 
erty of  its  amceboid  cells  to  include  and  to  destroy  micro<Jrganisms,  the 
animal  body  pos-tejiJieti  a  formidable  means  of  resistance  and  defence 
agaitmt  these  lufectioua  agi'nta.' 

We  are  disposed  to  agree  with  Metsclinikoff  in  his  final  conclu- 
Bion,  as  above  stated  in  italics.  But  in  view  of  exijerimentid  evi- 
dence, to  be  referred  to  latyr,  wo  cannot  accept  the  so-called  Met.sch- 
nikoff  theory  as  a  sufficient  explanation  for  the  facts  relating  to 
natural  and  acqiured  immtinity  in  general,  and  must  regard  phago- 
cytosis simply  as  a  factor  whicli,  in  certain  infectious  disefise.s.  ap- 
pears to  play  an  important  jxirt  in  enaliling  ininiiine  animals  to  re.sist 
invasion  by  pathogenic  bacteria. 

Going  back  to  the  demonstrated  fact  that  susceptible  animals  may 
be  made  immune  by  inoculating  them  with  the  toxic  products  pro- 
duced during  the  growth  of  certain  pathogenic  bacteria,  we  may 
suppose  either  that  inirauntty  results  from  the  continued  presence  of 
these  toxic  prodvicts  iu  the  body  of  the  inoculated  animal,  or  from  a 
tolerance  acquiretl  at  the  time  of  the  in<.K"ulation  and  subsetiuently 
retained — by  transmission  from  cell  to  cell,  as  heretofore  suggested. 
Under  the  first  hypothesis — retention  theory — immunity  may  be  ex- 
plained as  due  to  a  continued  tolerance  on  the  part  of  the  cellular  ele- 
ments of  the  Ixxly  to  the  to.xic  substances  introtiuced  and  retained  ; 
or  to  the  effect  of  these  retained  toxic  protlucts  in  dostroying  the 
pathogenic  bacteria,  or  in  neutralizing  their  products  when  these  are 

'  From  the  British  Medical  Journal. 
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BubeequeDtlj  introduced  into  the  body  of  the  immune  animal.  W» 
«mnot  understand  how  toxic  substances  introduced  in  the  fint  ii- 
8tari<-e  can  neutralize  substances  of  the  same  kind  introducMi  at  • 
later  diite.  There  is  something  in  the  blood  of  the  rat  \vUic' h,  atcaii- 
ing  to  Behring,  neutralizes  the  toric  substances  present  in  a  Stbaak 
culture  of  the  tetanus  bacillus  ;  but  whatever  this  substance  tnsjbc 
it  is  evidently  different  from  the  toxic  substance  which  it  deBtNjr^ 
and  there  is  nothing  in  chemistry  to  justify  the  suppositiao  bai 
made.  Is  it,  then,  by  destrojnng  the  pathogenic  microocgnan 
that  these  inoculated  and  retained  toxic  pro«iuct.s  jireserve  the  »«"«»> 
froni  future  infection  ?  Opposed  to  this  supposition  is  the  fact  Uttf 
the  blcjixl  uf  an  atiimal  made  immiuie  in  this  'vvay,  when  r«iiio<nd 
from  the  body,  does  not  prove  to  have  increased  germicidal  power* 
compared  with  that  of  a  susceptible  animal  of  the  same  m^^ 
Again,  these  same  toxic  suhstiinces  in  cultures  of  the  anthrax  NktIM 
the  tetanus  bficillus,  the  diphtheria  bacillus,  etc.,  do  not  destrortk 
pathogenic  germ  after  wet-ks  or  months  of  exjx>sure.  And  whoi  *» 
ijioculate  a  susceptible  animal  with  a  \'irulent  culture  of  one  ot  thm 
microorganisms,  the  toxic  sulMtancea  present  do  not  prevent  thenpid 
development  of  the  bacillus  ;  indeed,  instead  of  proving  a 
they  favor  its  development,  which  is  more  abundant  and  nuiid 
when  attenuated  cultures  containing  less  of  the  tozio  matorU  a> 
tised.  for  the  imx;utation.  In  \-iew  of  these  facts  we  are  ima^tt 
adopt  tlie  view  that  acijuired  iiumunity  results  from  the  direct  tti*H 
of  the  prtMluc'ts  of  bacterial  growth,  intri>duct»d  and  retained  in  tfe 
V)ody  of  the  iiniiiuno  animal,  U]x>n  the  pathogenic  micraAtsadai 
when  8ubset|ueutly  introduced  or  uiion  its  toxic  pro<luct«. 

But  there  is  another  explaiiatitm  which,  although  it  maj  apOiV 
a  priori  to  be  quite  imptrobable,  hna  the  support  of  recent  iiTiwfiiiiM 
tal  evidence.  This  is  the  supposition  that  some  subHance  %»  formd 
in  the  body  uf  the  immune  unimal  trhich  neutralizes  Ih*  tmt 
jinnlucts  of  the  jHitliogeniv  microiirganism.  How  the  premoocitf 
these  toxic  products  in  the  first  instance  brings  about  the  fomutMi 
of  an  "antitoxin"  by  which  thej- are  neutralized  is  still  a  mrtlkrf, 
but  that  such  a  substatico  is  formetl  appears  to  be  provtnl  by  Uw  «• 
perimentrt  \*i  Ogata,  Bohring  and  Kitasato,  Tizzoni  and  C'-altani.  0. 
and  V.  Klpmi>erer,  and  others. 

Ogata  and  Jjxsuhara,  in  a  series  of  experimenta  made  in  the  Hy- 
gienie  Institute  at  Tnkio  (l^UO),  discovered  the  im|Kirtaut  fncrt  th*' 
the  blood  of  an  animal  immune  against  anthrax  ctJtitains  soroe  w^ 
stance  which  neutralizes  the  toxic  products  of  the  anthrax  bactDa^ 
Wlien  cultures  were  made  in  the  bltxxl  of  dogs.  frog«,  or  ci  wk* 
ratj*,  which  auiuuds  liave  a  natural  immunity  against  »"itfirwT.  tbej 
were  found  not  to  kill  mice  inoculated  with  them.     Fartiiar  expo- 
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ments  showed  that  mice  iiioculatetl  with  virulent  anthrax  cultures 
did  not  succumb  to  anthrax  septicaemia  if  they  received  at  the  same 
time  a  subcutsmeous  injection  of  a  small  tjuantit  j  of  the  bloixi  of  an 
immune  animal.  So  small  a  dose  a*  one  drop  of  frog's  blood  or  one- 
half  drop  of  dogs  blood  proved  to  be  sufficient  to  protect  a  mouse 
from  the  fatal  eflfect  of  an  authrax  inoculation.     And  the  protective 

■  inoculation  was  effective  when  made  as  long  as  seven ty-t wo  hours 
before  or  five  hours  after  infection  with  an  anthrax  culture.  Fur- 
ther, it  was  found  that  mice  which  hml  survived  antlirax  infection  an 
a,  result  of  this  treatment  were  immune  at  a  later  date  (after  several 

■  -weeks)  when  inoculated  with  a  virulent  cultixre  of  the  anthrax 
I  bacillus. 

I         Behring  and  Kitasato  have  obtained  similar  results  in  their  ex- 

■  periments  upon  tetanus  and  diphtheria,  and  have  shown  that  the 
^k blood  of  an  inunune  animal,  added  t<j  virulent  cultures  before  in- 
^Boculation  into  susceptible  animals,  neutralizes  the  pathogenic  power 

■  of  these  cultures. 

B         They  have  shown  by  experiment  that  the  blood  of  a  rabbit  which 

B  lias  an  acquired  immunity  against  tetanus,  mixed  with  the  virulent 

filtrate  from  a  culture  of  the  tetanus  bacillus,  neutralizes  its  toxic 

•  power.     One  cubic  centimetre  of  tliis  filtrate  was  mixed  with  five 
cubic  centimetres  of  serum  from  the  lilood  of  an  immune  rablnt  and 
allowed  to  stand  for  tweuty-foiu*  hours  ;  0.2  cubic  centimetre  of  this 
_  injected  into  a  mouse  w;vj  without  effect,  while  U.OOOl  cubic  centi- 

■  metre  of  the  filtrate  without  such  admixture  was  infiiUibly  fatal  to 
mice.  The  mice  inoculated  with  this  inixture  riMnained  immune  for 
forty  to  fifty  days,  after  which  they  gradually  lust  their  immunity. 
The  blood  or  serum  from  an  immune  rabbit,  when  jireserved  in  a 
dark,  cool  place,  retained  its  power  of  noutralixing  the  tetanus  tox- 
albumin  for  about  a  wt'ck,   after  which  titiuj  it  gradually  lust  this 

i  power.  The  blood  of  chickens,  which  have  a  natural  inimianity 
against  tetanus,  was  found  not  to  have  a  similar  power.  Behring 
and  Kitaaato  have  also  shown  that  the  .serum  of  a  diphtheria-immuue 
rabbit  destroys  the  potent  toxalbuniin  in  diphtheria  cultures.      It 

I  does  not,  however,  possess  any  germicidal  power  against  the  diph- 
theria bacillus. 
Ogatfi,  in  1891,  reported  that  he  had  succeeded  in  isolating  from  the 
blood  of  dogs  and  of  chickens  a  substance  to  which  he  ascribes  the  nat- 
ural immunity  of  these  animals  from  certain  infectious  diseases,  and 
I  the  power  of  their  blood  to  protect  susceptible  animals  from  the  same 
diseases.  This  substance  is  soluble  in  water  and  in  glycerin,  Imt  in- 
soluble in  alcohol  or  ether,  by  which  it  is  precipitated  without  being 
destroyed.  Its  activity  is  neutralized  In-  acids,  but  not  by  weak 
alkaline  solutions.     Ogata  supposes  the  substance  isolated  by  him  to 
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be  the  active  agent  in  bloitil  serum  by  which  certain  pathogenic  bac- 
teria are  destroyed,  as  shovvn  by  the  exiiei-imentsof  Niittall,  Buchner, 
and  otherH.  Hankiu  had  previously  isolated  an  all)uruinoid  sub- 
stance from  the  spleen  and  blood  of  the  rat,  to  which  he  ascribed  the 
immunity  of  this  animal  from  anthrax.  This  substance,  according 
to  the  author  named,  is  a  globulin;  it  is  insoluble  in  alcohol  and  in 
distilled  water,  and  does  not  dialyze. 

Tizzoni  and  Cattani  ascribe  the  protection  of  animals  which  have 
acquired  an  inmiuuity  against  tetanus  to  the  presence  of  an  albumi- 
nous substance  which  they  call  the  tetanua-antitoxiiu  This  they 
have  isolated  from  the  blood  of  immune  animals.  They  arrive  at 
the  conclusion  that  it  is  a  globulin,  or  a  substance  which  is  carried 
down  with  the  globidiu  precipitate,  and  that  it  is  different  from  the 
globulin,  above  referred  to,  obtained  by  Hankin  from  animals  im- 
mune against  anthrax. 

G.  and  F.  Klemperer,  in  1891,  published  an  important  memoir  in 
which  they  gave  an  account  of  their  researches  relating  to  the  ques- 
tion of  immunity,  etc.,  in  animals  subject  to  the  form  of  septicaemia 
produced  by  the  Micrococcus  pneumonif©  croui)os8B.  They  were  able 
to  produce  immunity  in  susceptible  animals  by  introducing  into  their 
bodies  filtered  cultures  of  this  micrococcus,  and  proved  by  experiment 
that  this  immunity  had  a  duration  of  at  least  six  months.  Thoy 
arrived  at  the  conclusion  that  the  immunity  induced  by  injecting  fil- 
tered cultures  is  not  directly  due  to  the  toxic  substances  present  in 
these  cultures,  but  that  they  cause  the  production  in  the  tissues  of  an 
antitoxin  which  has  tho  power  of  neutralizing  their  pathogenic 
action.  The  toxic  substance  present  in  cultures  of  tho  "diplococcus 
of  pneumonia"  they  call  "pnoumotoxiu";  the  substance  protluced  in 
the  b(}dy  of  an  artificially  immune  animal,  by  which  this  pneumo- 
toxin  is  destroyed  if  8ubse<iuently  introduced,  they  call  "anti-pneumo- 
toxin." 

Emmerich,  in  a  communication  made  at  the  meeting  of  the  In- 
ternational Congress  for  Hygiene  and  Demography,  in  London,  re- 
ported results  which  correspond  with  those  of  G.  and  F.  Klemperer 
80  far  as  the  production  of  immunity  is  concerned,  and  also  gave  an 
account  of  experiments  made  by  Donissen  in  which  tho  injection  of 
twenty  to  twenty-five  cubic  centimetres  tif  liUmd  or  expressetl  tissue 
juices,  filtered  through  porcelain,  from  an  immune  rabbit  into  an 
unprotected  rabbit,  subsequently  to  infection  with  a  bouillon  culture 
of  "diplococcus  pnexnnonijp,"  prevented  the  development  of  fatal! 
8eptie«;mia.  Even  when  the  injection  was  niatle  twelve  to  fifteen 
hours  after  infection,  bj'  inhalation,  the  animal  recovered. 

Emmerich  and  Mastraum  had  previouslj'  reported  similar  results 
in  experiments  made  upon  mice  with  the  Bacillus  erysipelatoa  suis 
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(rothlauf  bacilJus),  White  mice  are  very  susceptible  to  the  patho- 
genic action  of  this  bacillus.  But  mice  which,  subsequently  to  in- 
fection, were  injected  with  the  expressetl  and  filtered  tissue  juices  of 
an  uninune  rabbit,  recovere<l,  wliile  the  control  animals  succumbed, 
Acconlinj^  to  Emmerich,  the  result  in  these  experiments  was  due  to 
a  destruction  of  the  pathogenic  biicilli  in  the  boilies  of  the  infected 
animals  :  and  the  statement  is  made  tliat  at  the  end  of  eight  hours 
after  the  injection  of  the  ex]jressed  tissue  juices  all  bacilli  in  the  body 
of  the  infucttnl  animal  were  death  The  same  liquid  did  not,  however, 
kill  the  biicilli  when  added  to  cultures  external  to  the  body  of  an 
animal.  The  inference,  therefore,  seems  justified  that  the  result  de- 
pends, not  upon  a  substance  present  in  the  expresseti  juices  of  an 
immime  animal,  but  upon  a  substance  formed  in  the  body  of  the 
animal  into  which  these  juices  are  injected. 

We  have,  however,  an  example  of  induced  immunity  in  which 
the  result  appears  to  depend  directly  uixju  the  destruction  of  the 
pathogenic  microorganism  in  the  bmly  of  the  immune  animal.  In 
guinea-pigs  which  have  an  acquired  immunity  against  Vibrio  iletsch- 
nikovi  the  blood  serum  has  been  proved  to  possess  decided  germicidal 
power  fur  this  "  vibrio,"  whereas  it  multiplies  reatlilj' in  the  blood 
serum  of  non-immune  guinea-pigs  (Behring  and  Nissen). 

There  is  exjwrimental  evidence  that  animals  may  acquire  an  arti- 
ficial immunity  against  the  toxic  action  of  certain  toxalbumins  from 
other  sources  than  bacterial  cultures.  Thus  Sewell  (1887)  has  shown 
that  a  certain  degree  of  tolerance  to  the  action  of  rattlesnake  venom 
may  be  established  by  intfculating  susceptible  animals  with  small 
doees  of  the  "  hemialbumoee  *'  to  which  it  owes  its  toxic  potency. 
These  results  have  heen  confirme<l  by  the  more  recent  experiments  of 
Calmetto  (18y4)  and  of  Fraser  (18!>5).  In  his  paper  detailing  the 
results  of  his  experiments  the  first-name<l  author  says : 

"Animals  may  be  immunisM'd  agahist  the  venom  of  serpcnt.s  cither  by 
means  of  rt'ijeated  injections  of  doses  at  (irst  fwble  ami  pfoffit'ssi vol y  shi>n^r, 
or  by  means  of  siicct'SNivp  injfctioii.s  of  vonoui  mixed  with  certain  c]ienncal 
subtitaMces,  anioiijr  •whtcli  I  mention  especially  fliloride  of  g-old  and  the  liypo- 
chlorites  of  lime  or  of  soda. 

"The  Serum  of  anitiiais  thus  treated  is  at  tlie  same  time  pi-eventive,  anti- 
toxie.  and  theruiieiitic,  exactly  as  iji  tLat  of  auimaEs  inmuiiiiztHi  against 
diiditiieria  or  tetanus. 

"If  we  inoculate  a  certain  number  of  nibbits.  under  the  skin  of  the 
thigli,  with  the  same  dose,  one  niillifrramine  of  cobra  veuciiti  for  e.xauiple, 
and  if  we  treat  all  of  tlie-se  animals  with  tlie  exception  of  some  for  eoutrol, 
by  sulK;utaneou8  or  intraperitoneal  injeetioa.s  of  the  serum  of  rabbit.s  im- 
munized a^imst  four  nulliifranunea  of  the  same  vennui.  all  of  the  control 
animals  nut  ti-eated  will  die  within  three  or  four  hours,  while  all  of  the 
animals  will  recover  which  receive  live  cubic  ceutiineti-es  of  the  therapeutic 
serum  within  an  hour  after  i-eceiving  the  venom." 


In  this  connection  we  mav  remark  that  there  is  some  evidence  to 
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show  that  persons  who  are  repeatedly  stung  by  certain  pcrii 
sects — mos(|uitoe8,  bees — acquire  a  greater  or  less  de^ee  of 
nity  from  the  distressing  local  effects  of  their  stings. 

Ehrlich,  of  Berlin,  in  18!)1,  reported  bis  success  in  establidutc 
immunity  in   guinea-pigs  against  two   toxalbiimins    of    v«gettUr 
origin:   one — riciii — from  the  caator-ojl  bean    (Ricinus   comnutnk), 
the  other — abrin — from  the   jequirity   bean.       The    toxic    poteon 
of  ricin    is  somewhat  greater  than  that  of  ahrin,    and   it  ia  «fr 
mated  by  Ehrlich  that  one  gramme  of  tliis  substance  would  nfioi 
to  kill  one  and  a  half  millions  of  guinea-pigs.      When  injected  tf 
neath  the  sldn,  in  dilute  solution,  it  produces  intense  local  inflaaaaM* 
tion,  resulting  in  necrosis  of  the  tissues.     Mice  are  lees  susoqiljbi* 
than  guinea-pigs  and  are  more  easily  made  immune.      Thia  is  moll 
readily  effected  by  giving  them  small  and  g^radually  increasiiig  doan 
with  their  food.     As  a  result  of  this  treatment  the  animal  rearii 
subcutaneous  injections  of  two  hundred  to  four  hundred  timmlb* 
fatal  dose  for  animals  not  having  this  artificial  immunity.    Thf»bld 
dose  of  abrin  is  about  double  that  of  ricin.    When  injected  into  BDCt 
in  the  prop<  >rti<)n  of  one  cubic  centimetre  to  twenty  grammes  at  hsir 
weight  a  solution  of  one  part  in  one  hundreil   thousand  ct  wilv 
proved  to  be  a  fat^il  dose.     The  local  effects  are  also  less  prodoaaoBd 
when  solutions  of  abrin  are  used  ;  they  consist  principally  in  ana* 
tensive  induration  of  the  tissues  around  the  p<jint  of  injectioamod  • 
8ubso(iuont  falling  off  of  the  hair  over  this  indurated  area.     Wbai 
introtlueed  into  the  conjunctival   stie,   however,   abrin   produoM  • 
l(X"al  inflammation  in  smaller  amounts  than  ricin,  a  solutioQ  of  1:bC0 
being  sufficient  to  cause  a  (le»-i(k4  but  tem|)orarj*  conjunctirilk 
Solutions  of  1 :  50  or  1 :  100  of  either  of  these  toxalbmnins,  iutrodnoRl 
into  the  eye  of  a  mouse,  give  rise  to  a  panophthalmitia  which  oom- 
monly  results  in  destructiim  of  tlie  eye.     But  in  mice  wUob  bavi 
been  rendereil  immune  by  feeding  them  for  several  weeicB  with  toai 
containing  one  of  these  toxalbumins,  no  reaction  follows  the  Intro- 
duction into  the  eye  of  the  strongest  possible  s«»lution,  wr  of  a  pw** 
made  by  adding  abrin  b.i  a  little  ten-per-cent  salt  solution.     Ehrttr^ 
gives  the  following  explanation  of  the  remarkable    degree  of  iio- 
munity  established  in  his  experiments  by  the  metho<l  tiirntiotied: 

'*  All  of  tliese  phenomena  dejK-iid,  as  may  be  e«.sil y  shown,  B^ 
the  ftu?t  that  the  bliHKl  contftins  a  body — antiabrin — which  coajpltfbJT 
neutralizes  the  aetit»u  tif  the  abrin.  proljably  by  destnj\-ing  tliis  bady." 

In  a  more  recent  {Ki|H?r  Ehrli<-h  has  given  an  occiount  of  sahir- 
quent  experinients  which  show  that  the  young  of  mico  which  ha«» 
an  acquired  immunity  for  these  vegetable  toxalhuniius  may  acqitsv 
immunity  from  the'  ingestion  of  tiie  mother's  milk  ;  and  also  tbrt 
immunity  against  tetanus  may  bo  acquired  in  a  vvry  brief  tixm^ 
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yoimg  mice  througb  iLeir  mother's  milk.  In  his  tetanus  experi- 
ments Ehrlich  usetl  hlootl  serum  from  im  immune  horse  to  give  im- 
munity to  the  mother  mouse  when  her  young  were  already  seven- 
teen days  old.  Of  this  blood  serimi  two  cubic  centimetres  wore 
injected  at  a  time  on  two  successive  days.  The  day  after  the  first 
injection  one  of  the  sucklings  received  a  tetanus  inoculation  by 
means  of  a  splinter  of  wood  to  which  spores  were  attached.  The 
animal  remained  in  good  health,  while  a  much  larger  control  mouse 
inoculated  in  the  same  way  died  of  tetanus  at  the  end  of  twenty-six 
hours.  Other  sucklings,  inoculated  at  the  end  of  forty -eight  and  of 
seventy-two  hours  after  the  mother  had  received  the  injection  of 
blood  serum,  likewise  remained  in  good  health,  while  other  control 
mice  died. 

The  possibility  of  conferring  immunity  by  means  of  the  milk  of 
an  immune  animal  is  further  shown  by  the  experiments  of  Brieger 
and  Ehrlich  (1892).  A  female  goat  was  immimized  against  tetanus 
b5'  the  dailj'  injection  of  "  thymus-tetanus  bouillon."  The  dose  was 
gradually  increased  from  O.'l  cubic  centimetre  to  U)  cubic  centimetres. 
At  the  end  of  thirty-seven  days  a  mouse,  which  received  0.1  cubic 
centimetre  of  the  milk  of  this  goat  in  the  cavity  of  the  abdomen, 
proved  to  be  immune  against  tetanus.  Further  experiments  gave  a 
similar  result,  even  when  the  milk  of  the  goat  was  not  injected  into 
the  peritoneal  cavity  of  the  mouse  until  several  hours  after  inocu- 
lation with  a  virulent  culture  of  the  tetanus  bacillus. 

When  the  casein  was  separatetl  the  milk  retained  its  full  im- 
munizing activity,  and  by  concentration  in  vacuo  a  thick  milk 
was  obtained  which  had  a  very  high  immunization  value — 0.3  cubic 
centimetre  of  this  milk  protected  a  mouse  against  forty-eight  times 
the  lethal  dose  of  a  tetanus  culture. 

In  a  subsequent  ^communication  (1803)  Brieger  and  Ehrlich  de- 
scribe their  method  of  obtaining  the  antitoxin  tif  tetanus  from  milk 
in  a  more  concentrated  fonn.  Thej'  found  by  exi>eriment  that  it  was 
precipitated  by  ammonium  sulphate  and  magnesium  sulphate.  From 
twenty-seven  to  thirty  per  cent  of  ammonium  sulphate  added  to  milk 
caused  a  precipitiition  of  the  greater  part  of  the  antitoxin.  This  pre- 
cipitate was  dissolved  in  water,  dialyzed  in  running  water,  then 
filtered  and  evaporated  in  shallow  dishes  at  35°  C.  in  a  vacuum. 
One  litre  of  milk  from  an  immune  goat  gave  about  one  gramme  of  a 
transparent,  veliowish-white  iirecipitate,  which  contained  fourteen 
per  cent  of  ammonium  aulphat.e.  This  precipitate  had  from  four 
hundred  to  six  hundred  times  the  potency  of  the  milk  from  which 
it  was  obtained  in  neutralizing  the  teL-inus  toxin. 

In  a  still  later  communication  (18113)  Brieger  and  Cohu  give  an 
improved  method  of  separating  the  antitoxin  from  the  precipitate 
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tbrown  down  with  ammouimn  sulphate.  The  finely  pulverixed  pre- 
cipitate is  shaken  up  with  pure  chloruform,  and  when  this  is  allowed 
to  stand  the  antitoxia  rises  to  the  surface  while  the  ammonium  mk 
sinks  to  the  bottom.  By  filling  the  vessel  to  the  margin  with  chloro- 
form, the  antitoxin  Hoating  on  the  surface  can  be  skimmed  off,  ate 
which  it  ijuickly  dries.  By  this  method  the  considerable  loes  wbiek 
occurred  in  the  dialyzer,  used  in  the  previously  described  metbud,  ■ 
avoided. 

A  most  interesting  question  presents  itself  in  connection  with  tbt 
discovery  of  the  antitoxins.  Does  the  animal  which  is  inumw 
from  the  toxic  action  of  any  jKirtieidar  toxalbumin  also  hare 
munity  for  other  toxic  proteids  of  the  same  class?  The  expei 
evidence  on  record  indicates  that  it  does  not.  In  Ehrlich's  expoi- 
menta  with  riciu  and  abrin  he  ascertained  that  an  anioial  which 
been  made  immune  against  one  of  these  subtances  was  quite  as 
cpptible  to  the  toxic  action  of  the  other  as  if  it  did  not  poemc— 
immunity,  i.e.,  the  antitoxin  of  ricin  does  not  deetrt»y  abrio, 
vice  versa.  As  an  illustration  of  the  fact,  he  states  that  in  ooe  «• 
periment  a  rahbit  was  made  immune  for  ricin  to  such  an  extent  tbtf 
the  introduftiun  into  its  eye  of  this  substance  in  powder  produced  M 
intlammatnry  reaction;  but  the  subsequent  intnxhiction  of  a  solutiai 
of  abrin,  of  1  to  10,000,  caused  a  violent  inflammation. 

Evidently  these  facts  are  of  the  same  order  as  those  reladiy  to 
immunity  from  infectious  diseases,  and,  taken  in  connection  witbtht 
experimental  data  pre\iou8ly  referred  to,  give  strong  support  to  Ikt 
view  that  the  morbid  phenomena  in  all  diseases  of  this  class  are  dae 
to  the  8i)ecific  toxic  action  of  8ul>stance8  resembling^  the  tozalboiBai 
already  discovered  ;  and  that  at-quired  immimity  from  any  oo»  rf 
these  diseases  results  from  the  formation  of  an  antitoxin  in  the  bodf 
of  the  immune  animal. 

Hankin  calls  these  substances  produced  in  the  bodies  of  iimnT** 
animals  "  defensive  proteids,"  and  projwses  to  classify  them  as  bi- 
lows :  First,  thosw?  occurring  naturally  in  normal  animals,  which  hr 
calls  sozins  ;  second,  those  occurring  in  animals  that  hi»ve  acqatnd 
an  artificial  immunity — these  he  calls  phyhtxins,  Elach  of  tka» 
classes  of  defeu.sive  proteids  is  further  subdivided  into  those  whinh 
act  upon  the  pathogenic  microorganism  itself  and  those  whkb  us 
upon  its  toxic  products.  These  subclasses  are  distinguished  bjr  ^ 
prefixes  mnvo  and  toxo  attached  to  the  chiss  name. 

In  accordance  with  this  cla^iification  a  mycosuzin  is  a  dates** 
proteid,  fovmd  in  the  body  of  a  nonnal  animal,  which  has  the  pow 
of  destroying  bacteria. 

A  toxoaozin  is  a  defensive  proteid,  found  in  the  l>ody  of  a  DOfiBtl 
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aDimal,  which  lias  the  power  of  destroying  the  toxic  products  of  bac- 
terial growth. 

A  m>jt'<)phtfla.vin  is  a  defensive  prot<>id  produce*!  in  the  body  of 
an  animal  which  has  au  acquired  immLUuty  for  a  given  infectious 
disease,  which  has  the  power  of  destroying  the  pathogenic  bacteria 
to  which  the  disease  is  due. 

A  tuxitphijlaxin  is  a  defensive  proteid  produced  in  the  body  of 
an  animal  which  has  an  acipiiro^l  immunity  for  a  given  infectious 
disease,  which  has  the  power  of  destronng  the  toxic  pnHlucts  of  the 
pathogenic  bacteria  to  which  the  di.sease  is  due. 

Buchnor  hud  previously  proposed  the  name  "alexines"  for  these 
defensive  proteids. 

The  importance  of  the  experimental  evidence  above  referred  to  in 
explaining  the  phenomena  of  natural  and  acquired  iminunity  is  ap- 
parent. The  facts  stated  also  suggvst  a  rational  exjilanation  of  re- 
covery from  an  attack  of  an  acute  infectious  disease.  But  the  idea 
that  during  such  an  attack  an  antidote  to  the  disease  poison  is  de- 
veloped in  the  tissues  is  yet  so  novel,  and  the  experimental  evidence 
in  support  of  this  view  is  of  such  recent  date,  that  it  would  be  pre- 
mature to  accept  this  explanation  as  applying  t<j  immunity  in  geno- 
raL  It  seems  difficult  to  believe  that  an  individual  who  has  passed 
through  attacks  of  measles,  mumps,  whooping  cough,  scarlet  fever, 
lemall-pox,  etc.,  has  in  his  blood  or  tissues  a  store  of  the  antitoxine  of 
'OBch  of  these  diseases,  formed  during  tlie  attack  and  retained  during 
the  renminder  of  his  life,  or  continuously  produced  so  long  as  the 
immunity  lasts.  Moreover,  in  those  diseases  to  which  the  experi- 
mental evidence  above  recorded  relates — diphtheria,  tetanus,  pneu- 
monia— as  they  oct^ur  in  man,  no  lasting  immunity  htis  been  shown 
to  result  from  a  single  attack,  and  m  this  regard  they  do  not  come 
into  the  same  class  •svith  the  eruptive  fevers  and  other  diseases  in 
which  a  single  attack  usually  protects  during  the  lifetime  of  the  in- 
dividual. 

In  those  instances  in  which  acquired  immunity  has  been  shown 
to  be  due  to  the  protluctiou  in  tlie  body  of  tlie  imntune  animal  of  an 
antitoxin,  it  is  still  uncertain  whether  there  is  a  continuous  produc- 
tion of  the  protective  proteid,  or  whether  that  formed  during  the 
attack  remains  in  the  body  during  the  subsequent  immunity.  The 
latter  supposition  apjwars  at  first  thought  improbable  ;  but  when  wo 
remember  that  the  protective  proteids  which  have  been  isolated  by 
Hankin  from  the  bl<x>d  and  spleen  of  rats,  and  by  Tizzoni  and  Cat- 
tani  from  the  blood  of  animals  maifle  immune  against  totfinus,  do 
not  dialyze,  it  does  not  seem  impospible  that  these  substances  might 
be  retainefl  indefinitely  within  the  bhKxl-vesHels.  On  the  otlier  liand, 
the  pas.sage  of  the  tetanus  antitoxin  into  the  mother's  milk,  as 
18 
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shown  by  Ebrlich's  exiieriments  upon  mice,  indicates  a  cotitimj'o 
supply,  utberwisiB  the  iiuiuunity  of  the  mother  would  soon  be  l-.A 

The  writer  has  obtained  (May,  181t2)  ex i)eri mental  eviJemt- ti»s 
tho  blood  of  vaccinated,  ami  cousequeiitlj'  immune,  calves  c«ottai 
something  which  neutralizes  the  specific  virulence  of  vaccine  rir* 
both  Ixtvine  and  humanized.  Four  drops  of  blood  serum  from  aol 
which  hml  been  vaccinateil  two  weeks  previously,  mixed  with  cat 
drop  of  liijuid  lymph  recently  collected  in  a  capillary  tulie,  aftefca*- 
tact  for  one  hour  was  used  to  vaccinate  a  calf ;  the  same  aoinuJ  »» 
also  vaccinated  with  lymph,  preserved  on  three  qui  11^  which  wii 
mixed  with  four  drops  of  serum  fr<jm  the  immune  calf  and  Ml  ff« 
one  hour.  Tho  result  of  these  vaccinationa  vv-aa  entirely  iveg^n, 
while  vaccinations  uf»ou  the  same  calf  made  Avith  virus  from  lit 
same  source,  and  mixed  with  the  same  amount  of  blood  aenini  fim 
a  non-inmiune  calf,  gave  a  completely  successful  and  tj-pical  fMsnlt. 

The  experimental  e>ndence  detailed  shows  that  in  certain  i* 
eases  acquired  itnmunity  depends  upon  the  formation  of  vU*" 
toxins  ill  the  bodies  of  immune  aninuil.s.  As  seooodaiy  i» 
tors  it  is  probable  that  tolerance  to  the  toxic  products  of  patbo^nir 
bacteria  and  phagocytosis  have  considerable  iniportanoe,  bill  it » 
evident  that  the  princijial  role  cannot  be  assi^ed  to  thette  afjeaam. 

As  a  rule  the  antitoxins  have  no  l>actericidal  action;  bat  it  iw 
been  shown  by  the  experiments  of  Gamaleia,  Pfeiffer,  and  ctitmx 
that  in  animals  which  have  an  acquireil  immunity  af^nst  tbe^ai- 
lum  of  Asiatic  cholera  and  against  spirillum  Metscbnikovi,  tbefvita 
dcciilt'd  increase  in  the  bactericidal  jwwer  of  the  blood  sennn, 
that  immunity  probably  depends  upon  this  fact. 

The  researches  of  Metschnikoif  upon  hog  cholera,  of  Is^  i-  •      •»" 
pneumonia,  and  i»f  Sanarelli  ujxjn  typhoid  fever  indicate  s;ui' 
immunity  conferred  iijx)n  susceptible  animals  by  protective  ini- 
tiuns  is  not  due  to  an  antit«)xin  but  to  a  sulistance  presBOt  tu 
blood  of  immune  individuals  which  acts  directly  upon  the  | 
micmirganism,  as  is  the  case  in  cholera-immune  animala.     TImi 
mals  immunized  arc  said  to  be  quite  as  sensitive  to  the  action  of  '< 
bacterial  {K>isons  as  are  those  which  have  not  received  pnA 
inoculations.     "Their  serum  does  not  protect  againai  tbe 
against  the  microbe"  (Roux). 


PLATE  IV. 

Fios.  1,  2,  aud  3. — Leucocytes  from  the  spleen  of  aa  inoculated  monkey, 
containitig  Spirillum  Obermeieri.    (Soudake witch.) 

Fias.  4  and  5. —Leucocytes  ("'macrophages")  from  a  preparation  of 
muscle  from  a  pigeon  which  succumbed  lo  an  anthrax  inoculation.  In  Fig. 
-1  the  bacilli  are  deeply  stained  ;  in  Fig.  5  they  are  pale.     (Metsehnikotf.) 

Fia.  6. — Leucocyte  from  a  fi-og  seventy-two  hours  after  the  injection  «>f 
anthrax  spores.     (TrajKJznikotf.) 

Fkj.s.  7  and  8. — Leucocytes  from  a  chicken  four  hours  after  the  injection 
of  anthrax  spores.     (TrapeznikofT.) 
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The    demonstration  made  by  Ogston,   Rosenbat^h,   Passet,  and 
others  that  iiiirTiK?tx!ci  are  constantly  present  in  the  pus  of  acute 
abscesses,  le<l  to  the  inference  that  there  can  be  no  pus  formation  in 
the  absence  of  microorg^fiuisms  of  this  class.     But  it  is  now  well 
established,  by  the  experiments  of  Grawitz,    De   Bary,  Steinhaus, 
Scheurlen,  Kaufmami,  and  others,  that  this  inference  was  a  mis- 
taken one,  and  that  certain  chemical  substances  introduced  beneath 
the  skin  give  rise  to  pus  formation  quite  independently  of  bacteria. 
Among  the  substances  tested  which  have  gi  ven  a  positive  result  are 
nitrate  of  silver,  oil  of  turpentine,  strong  liquor  ammoniae,  cada- 
verin,  etc.     The  demon.^ratiou  lias  also  been  made  by  numerous  in- 
vestigators that  cultures  of  pus  cocci,  when  sterilized  by  heat,  still 
give  rise  to  pus  formation  when  injected  subcutaneously.     This  wtia 
first  established  by  Ptvsteur  in  1878,  who  found  that  sterilized  cul- 
tures of  his  "  microbe  generateur  du  pus  "  induce*!  suppuration  as 
■well  as  cultures  containing  the  li^nng  microbe.     This  fact  lias  since 
been  confirmed,  as  regards  the  pus  staphylococci  and  various  bacilli, 
by  a  number  of  bacteriologists.     Wyssokowitsch  produced  abscesses 
containing  sterile  pus  by  injecting  subcutaneously  agar  cultures  of 
the  anthrax  bacillus  sterilized  by  heat.     Buchner  obtained  similar 
results  in  a  series  of  ft»rty  exptiriments  from  the  injection  of  steril- 
ized cultures  of  Friedlander's  bacillus  ("  pneumococcus  "),  and  has 
shown  that  the  pus-fonning  property  belongs  to  the  bacterial  cells 
and  not  to  a  soluble  chemical  substance  produced  by  them.     When 
cultures  were  filtered  by  means  of  a  Chamberlain  filter  the  clear 
fluid  which  passed  through  the  porous  porcelain  was  without  effect, 
while  the  dead  bacteria  retaiuetl  by  the  filter  produced  aseptic  pus 
infiltration  in  the  subcutaneous    tissues  within  forty-eight    hoiu-s 
after  having  been  injected.     Subsequent  experiments  gave  similar 
results  with  seventeen  different  species  tested,  including  Staphylo- 
coccus pyogenes  aureus,  Staphylococcus  cereus  fla\'us,  Sarcina  auran- 
tiaca.   Bacillus    prodigiosus.    Bacillus    Fitzianus,    Bacillus   subtilis, 
Bacillus  coli  communis.  Bacillus  acidi  lactici,  etc.     From  the  experi- 
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ments  made  to  determine  the  exact  cause  of  pus  formation  folkyinac 
the  injection  of  sterilized  cultures  Buchner  arrives  at  the  ooDdoMl 
that  it  is  due  to  the  albuminous  cuntenta  of  the  bacterial  cells. 

While  it  is  demonstrated  that  a  large  number  of  niicroor 
either  living  or  iu  sterilized  cultures,  may  give  rise  to  the 
•  if  pus,  the  exteudetl  researches  of  Rosenbach,  Passei,  and  olbir 
biirteriologists  nhow  thut  few  8i>ecie9  are  usually  concerned  in  tkt 
formation  of  acute  abscesses,  fiuxincles,  etc.,  iu  man.  Of  thcM  the 
two  most  important,  by  reason  of  their  fretjuent  occurrence  and  |aA> 
ogenic  power,  are  Staphylococcus  pyogenes  aureus  and  SlwplH 
Coccus  pyogenes ;  next  to  these  comes  Staphylococcus  pyogena 
albus,  and  the  following  sjjecies  are  occasionally  found  :  StaiilTh^ 
coccus  pyogenes  oitreus,  Staphylococcus  cereus  flavus,  Stapbrloeoeni 
cereus  albus,  Micrococcus  tenuis,  Bacillus  pyogenes  fcBtidus,  }lxro- 
coccus  tetragenus,  Micrococcus  pneumoniae  crouposae.  Two  or  imn 
species  are  often  found  in  tiie  same  abscess  :  thus  Paaaet,  m  UxirtT- 
three  cases  of  acute  abscess,  found  Staphylococcus  aureus  and  aSbm 
associated  in  eleven,  albus  alone  in  four,  albus  and  citreus  in  tii% 
Streptococcus  pyogenes  alone  in  eight,  albus  and  streptooooeus  Id 
one,  and  albus,  citreus,  and  streptococcus  in  oue.  FTijffa  foondLii 
twent3'-two  cases  of  inguinal  bubo,  aureus  in  ten,  albus  in  nine.  mI 
citreus  in  three.  Bunim,  in  ten  cases  of  puerperal  inastitifi,  taaai 
aureus  in  seven  and  Streptococcus  pyogenes  in  three.  Rosenback 
fi  lund  staphylococci  alone  sixteen  times,  Streptococcus  pyogwmaka* 
fifteen  times,  staphylococci  and  streptococci  associated  five  tinwk. 
and  Micrococcus  tenuis  three  times  in  thirty -nine  acute  abeoeans  m4 
phlegmons  examined  by  him. 

Robband  Glirisky  have  shown  that  under  the  most  ri^id  antiHp- 
tic  treatment  microorganisms  are  constantly  found  attached  to  OT- 
tiu*es  when  these  are  removed  from  wounds  made  by  the  marg&m, 
and  that  a  skin  abscess  frei^uetitly  results  from  the  presenco  of  li« 
most  common  of  these  microorganisms — StaphyliX!occu»  epidamtfii 
albuM. 

The  authors  named  state  their  conclusions  as  follows  : 

"A  wuuixl,  at  some  time  of  iU  existcnro,  »lw«js  containa  oegmaiuK^ 
They  tx:cur  either  on  llio  slitches  or  in  the  secrGtions. 

"The  number  of  (mcteria  is  inHiienced  by  the  oonstrictinif  action  tt  da 
lil^tureci  or  dniinat^  tubt<,  or  anything  int«^rfering'  with  ihn  cireulataoa  cf 
Uie  timues. 

"The  viruh'nce  of  the  organismn  present  will  influence  thi^  pimim  M 
the  wound. 

"The  bodv  temiieratiire  is  invariably  elevated  if  the  bacteria  are  «tr»- 
lent;  and,  indeed],  in  cases  where  many  of  tlie  less  virulent  orgaainaa  ■> 
found,  nIniiMt  without  exception  there  is  aoniv  rise  of  t«mperalura.** 

The  organism  most  frequently  found— 9trt]>hylococctia  epidenD* 
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dis  albus — has  but  slight  \'irulGnce.  Out  of  forty-five  cases  in  which 
a.  bactefiological  examination  was  made  this  micnicnccus  was  ob- 
tainetl  in  pure  cultures  in  thirty* -three  ;  in  five  cases  it  was  associated 
with  Staphylococcus  pyogenes  aureus,  in  one  CAse  with  Strept<x"oc- 
cus  pyogenes,  in  three  cases  Streptoc(X!ciLs  pyogenes  was  obtained 
alone. 

In  abscesses  resulting  from  iiiHammation  of  the  middle  ear  the 
micrococcus  commonly  known  iirider  the  name  of  "  diplococcus 
pneumonijB  " — Micrococcus  pneimioniie  croup<js4e — has  been  obtained 
in  pure  cultures  in  a  cousideralile  nunilier  of  cases  when  the  pus  has 
teen  examined  immediately  after  paracentesis  of  the  tjTn  panic  mem- 
brane. We  shall  not,  however,  describe  this  among  the  pyogenic 
bjicteria,  but  will  give  an  account  of  it  in  the  following  section  (Bac- 
teria in  Croupous  Pneumonia,  etc.).  Bacillus  pyocyaneua,  which  ia 
descritjod  by  sonie  authun*  among  the  pyogenic  bacteria,  is  found 
only  in  the  pus  of  open  wounds,  where  its  presence  is  e\ndently  acci- 
dental.    We  shall  describe  it  among  the  chromogenic  saprophytes. 


1.   STAPHYLOCOCCUS   PYOGENES  AtTREUS. 

Synonym. — Micrococcus  of  infectious  osteomyelitis  (Becker). 

Observed  by  Ogston  (1881)  in  the  pxis  of  acute  abscesses,  but  not 
differentiated  from  the  ass^ieiated  staj>hylococci  and  the  streptococ- 
cus of  pus.  Obtained  by  Becker  from  the  pus  of  osteomyelitis  ( 1 883). 
Isolated  from  the  pus  of  acute  abscesses  and  accurately  described  by 
Roscnbach  (1884)  and  by  Passet  (188.5). 

The  Staphylococcus  pyogenes  aureus  is  a  facultative  parasit-e,  and 
is  the  most  common  jiyogcnic  micrui:(x*cus  found  in  sui>purative  pro- 
cesses generally.  But  it  is  also  a  common  and  widely  distributed 
■fi-prophyte,  which  finds  the  conditions  necessary  for  its  existence  on 
the  external  sm"face  of  the  human  bmU*  and  of  moist  mucous  mem- 
branes. This  is  shown  by  the  researches  of  numerous  bacteriolo- 
gists. Thus  Ullmann  found  it  upon  the  skin  and  in  the  secretions  of 
the  mouth  of  healthy  persons,  and  also  in  the  dust  of  occiqiied  apart- 
ments, in  water,  etc.;  Bcx'kliart  ohUiined  it  in  cultures  from  the 
etirface  of  the  body  and  from  the  dirt  beneath  the  finger  nails  of 
healthy  persons  ;  Biundi,  Vignal.  and  others  in  the  salivary  secre- 
tions ;  B,  Frankel  in  mucus  from  the  phar\Tix  ;  Von  Besser  antl 
Wright  in  nasal  mucus  ;  Eseherich  in  the  al\'ine  discharges  of 
health^'  infants  ;  C.  Frankel  in  the  air  ;  and  Liibl)ert  in  the  soil.  Its 
presence  in  the  air,  in  water,  or  in  the  soil  is,  however,  tpiite  excep- 
tional, and  is  probably  to  be  considered  the  result  of  accident,  its 
nonnal  habitiit  as  a  saprophyte  apfHiaring  to  be  rather  upon  the  sur- 
face of  the  botlv  and  of  mucous  membranes. 
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Morphology. — Spherical  cells  having  a  diameter  of  0.7  ft  ( 
lieh)  to  0.9   ^    (o.s?  ft   Paaset),  solitary,  in  pairs,  or    in   ' 
groups,  occasionally  in  chains  of  three  or  four  elements  or  in  {^ia|a 
of  fuux.     The  dimensions  vary  soinewliat  in  lU. 
ferent  culture  media,  being  larger  iu  a  £av 
than  in  an  unfavonihle  medium.       The  indi 
cells,  as  point«l  out  by  Hadelieh,  consist  of 
hemispherical  portions  separated  from  each  othv 
Fio.  Tfl.-staphjriococ-  by  h,  verj'  narruw  cleft,  which  is  not  visible 

rrora^^»*^wi^r"br  ^•'*^  ^^^^^  ^^^  deeply  stained,  but  may  be^ 
KiKfubacb.  stiated,  with  a  high  power,  by  staining  for  a  sbiat 

time  (two  minutes  or  less)  in  a  solution  of  fuchsin  in  aniline  wi 

This  micrococcus  stains  quickly  in  aqueous  solutions  of  the 
aniline  coU>r8,  and  may  also  be  staineil  with  acid  carmine  and 
toxj'lin.     It  is  nf>t  decolorized  by  iodine  solution  when  stained 
methyl  violet — Gram's  method. 

Biological  Characters. — Staphyloccxicus  pyogenes  aar«us  groiw* 
either  in  the  presence  or  absence  of  oxygen,  and  is  consequeatlj  A 
facultative  anaerobic.     It  multipHes  rapidly  at  a  temperature  of  18* 
to  20 '^  C.  iu  milk,  tle.sh  infusions,  and  various  other  liquid  mc^iti, 
and  in  nutrient  gelatin  or  agar.     It  liquefies  gelatin,    and  in 
cultures  hquefaction  occurs  all  along  the  line  of  puncture,  fi 
pouch  which  is  largest  above  and  at  the  end  of  three  orfour(]a>*8 
extended  to  the  full  capacity  of  the  test  tube  at  tho  surfacn.     71» 
liquefied  gelatin  in  this  pouch  is  at  first  opaque  from  the  prMflOC^  d 
little  agglomenitions  of  mieroc<x;ci  in  suspension,   but   after  a  tiB» 
thesH}  are  deposited  and  the  gelatin  becomes  transjMirent,     Durity 
the  period  of  active  growth  the  cocci  accumulate  near  th«  surface  of 
the  gelatin,  and,  in  contact  with  the  air,  tlie  characteristic  goldei^jfat 
low  pigment  is  protiuced.     By  the  subsidence  of  the  colored  nuMK> 
I >f  cxicci  from  this  superficial  stratum  a  yellow  depfjsit  is  gnkdua^f 
formed  at  the  bottom  of  the  pouch  of  liquefied  gelatin  (Pig.  .•<(»)•    Th» 
pigment,  which  is  the  principal  character  distinguishing  the  fi'^"*- 
copciiR  under  consideration  from  certtiin  other  liquef\-ing  Btaftoif^ 
cocci,  is  only  formed  in  the  presence  of  oxygen.     Upim  the  91IiCm» 
of  nutrient  agar  development  occurs  in  the  form  of  a  moist,  altiuMy 
layer,  with  more  or  less  wavy  outlines,  having  at  fir^t  a  pa]»>jr«Aov 
c(»lor,  which  soon  deepens  to  an  oran^d^^r  golden-yellow.     Th»  eci- 
unies  which  develop  upon  ag^ir  plates  are  spherical  and  o|)iM)ue,  and 
usually  acqtiire  the  golden-yellow  color  within  a  fewda>*s.     CVJity^t^ 
on  gelatin  platos  or  in  Esmarch  roll  tubes  first  appear  as  imw«1|  wlite 
dots,  which  later  are  more  or  less  granular  in  appoaranoo  and  pn«n( 
the  yellow  color,  especially  towards  tho  centre  ;  but,  •  to  Hkm 

ux tensive  liquefaction  of  tlie  gelatin  caused  by  them,  '<:  '         "veki|h 
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ment  can  only  be  followed  for  two  or  three  days.  Upon  potato,  at  a 
temperature  of  35°  to  37°  C,  a  rather  thick,  moist  layer  of  consider- 
able extent  forms  at  the  end  of  twenty-four  to  forty -eight  hours ; 
this  is  also  at  first  of  a  pale-yelluw,  and  later 
of  an  orange-yellow  color.  The  temperature 
mentioned  is  most  favorable  for  the  rapid 
development  of  this  microctwcus,  although 
multiplication  may  occur  at  a  comparatively 
low  temperature  and  is  tulerably  abundant  at 
the  ordinary''  room  teini>Brature. 

CiUtures  of  the  *'  golden  staphylococcus," 
and  especially  those  upon  potato,  give  off  a 
peculiar  odor  which  resembles  that  of  sour 
paste.  When  cultivated  in  milk  it  gives  rise 
to  the  formation  of  hu'tic  and  butyric  acids 
and  to  coagulation  of  the  ctusein.  No  poison- 
ous ptomaines  or  toxalbumins  have  been  iso- 
lated from  cultures  of  this  micrococcus,  but, 
like  other  liquefying  bacteria,  it  forms  a  sol- 
uble peptonizing  ferment,  by  which  gelatin 
may  be  hquefied  inileiHindently  of  the  hving 
micro6rgamsm.  While  the  Stiiphylococcus 
aureus  gives  rise  to  the  production  of  ac-ids — 
principally  lactic  acid— in  media  cout^iining  staphylococcus pyogeue«aureu« 
glucose  or  lactose,  it  has  also  been  shown  by  •^'""^"*^°>- 
Brieger  that  ammonia  is  one  of  the  products  of  its  viUJ  activity. 
Unlike  some  other  pathogenic  bacteria,  it  is  able  togroAV  in  a  medium 
Laving  a  distinctly  acid  reaction.  A  non-poisonous  basic  substance 
has  been  isolated  by  Brieger  from  old  cultures  in  meat  infusion  which 
differs  from  any  of  the  ptomaines  obt^iined  liy  him  from  other  sources. 

The  thermal  death-point  of  this  micrococcus,  in  recent  cultures  in 
flesh-pep  tone-gelatin,  as  determined  by  the  writer,  is  between  5tJ°  and 
58'  C,  the  time  of  exposure  being  ten  minutes.  When  in  a  desic- 
cated condition  a  much  higher  temperature  is  required — 90°  to  100°  C 
— for  its  destruction  ;  and  it  retains  its  vitality  for  more  than  ten 
clays  when  dried  upon  a  cover  glass  (Passet).  It  retains  its  vitality 
for  a  long  time  in  cultures  in  nutrient  gelatin  or  agar,  and  may  grow 
when  transplautetl  from  sxich  cultures  even  at  the  end  of  a  year. 

Very  numerous  experiments  have  been  made  to  determine  tlie 
proportion  of  various  chemictd  agents  required  to  destroy  the  vitahty 
or  to  restrain  the  growth  of  thi.s  iinportiint  py<:>genic  micrococcus. 
The  extended  researches  of  Liibbert  (188(5)  with  reference  to  the 
antiseptic  power  of  agents  addwl  to  a  suitiible  culture  medium — nu- 
trient gelatin — ^gave  the  following  results :     Development  was  pre- 


Fio.   *).— Gelatin    oulture   of 
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vented  by  the  agents  named  in  the  proportion  givien  :  Nitric  add. 
1  :  797  :  phosphoric  acid,  1  ;  750  ;  boracic  acid,  1  :  327  ;  oxalic  acki, 
1  :  433  ;  acetic  acid,  1  :  720  ;  citric  acid,  1  :  433  ;  lactic  acid,  1  :  140  ; 
benzoic  acid,  1  : 4(X) ;  salicylic  acid,  1  :  G5.5  ;  iodine  dissolved  wi!b 
potaasiiun  imlide,  1  : 1.100;  araenite  of  potash,  1  :  733  ;  mepcmic 
chloride,  1:81,400;  chloral  hydrate,  1:133;  carbolic  add,  1  :  814; 
thymol,  1:11,000;  resorcin,  1  :  132  ;  hydrochinon,  1  :  353  ;  kaihn. 
1  :  407  ;  antipyrin,  1  :  20  ;  muriate  of  quinine,  1  :  550  ;  muriate  ol 
morphia,  1  :  60.  For  the  destruction  of  vitalitj'  very  much  Ui]gff 
amounts  are  required.  In  Bolton's  experiments  (1887)  a  one-por-caat 
solutiuii  of  carbulic  a<?id  was  successful  after  two  hounj'  exposure, 
but  two  per  cent  failed  to  completely  destroy  vitJiIity  in  the  tmam 
time  ;  one  per  cent  of  sulphate  of  copper  was  also  succeesfuL,  and  bat 
a  single  ralony  developed  after  exposure  to  a  solutiim  of  1  ::iOO,  la 
the  ex|H.'riiiients  of  Gartner  and  Plagge  the  Staphyloc<x;cu«  Aoreosia 
buuiltoii  cultures  is  said  to  have  been  killed  in  a  few  socooda  (ei^f 
by  a  solution  of  mercuric  chloride  of  the  proportion  of  1  :  l.OtX) :  ^ebt- 
iug  found  it  wfis  killed  by  the  acid  sublimate  sidution  of  La  Pl«v, 
in  the  propjrtion  of  1  : 1,000,  in  ten  minutes;  Tamier  and  Vigiul 
found  that  a  solution  of  1  : 1.000  Wiis  successful  in  two  iniouk>!s. 
Abbott  (1801)  luia  shown  that  in  the  same  culture  there  mar  b«  • 
considerable  difference  in  the  resisting  power  of  the  cocci,  and  tiiat 
while  frw^uently  all  Jire  destroyed  in  five  minutes  by  a  1  : 1,000 1 
tion,  it  occurs  tpiite  jus  frecpiently  that  some  may  survive  after  i 
poHure  of  ten,  twenty,  and  even  thirty  minutes. 

Pathogenesis. — Subcutaneous  inoculation  with  a  small  quantttj 
of  a  culture  of  Staphylococcus  pyogenes  aureus  is  without  renolt  im 
rabbits^  guinea-pigs,  or  mice,  but  when  a  considerable  quanlitjrii 
injected  beneath  the  skin  of  a  raVibit  or  a  guinea-pig  an  Ati^wf  ■ 
produced,  which  usually  results  in  recovery,  but  may  givo  riiA  la 
general  infection  and  tlie  do:ith  of  the  animal.      Injectioo   into  * 
vein  or  into  the  cavity  of  the  alniomen  in  the  animals  mootiaoid 
usually  induces  a  fatal  resiUt  within  a  few  days.    The  nuiet  cfaanM> 
teristic  pathological  changes  are  found  in  the  kidneyn,  whicJi  ooo* 
tsun  nuinerous  small  collections  of  pus  and  under  tho  micraaoaf* 
present  the  appearances  resulting  from  emlxilic  nephriti**.     Many  *i 
the  capiUaries  and  some  of  tiie  smaller  art<.rie6  of  the  cortex  an 
plugged  up  with  thrombi  consisting  of  mirrococcL     Metastalio  alv 
Bcesses  may  also  hQ  foimd  in  the  joints  and  mitscles.     Tlie  naen> 
cocci  may  be  recovered  in  pure  cultures  from  the  blood  and  tlv 
various  organs  ;  but  they  are  not  nimierous  in  the  blood,  and  a  atrn- 
pie  niicroscopical  examination  will  often  fail  to  demonatnrta  thrtr 
prosenco. 

Animals  fre<]uently  survive  the  injection  uf  a  BOoall  qnaatitr  • 
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a  pure  culture  made  directly  into  the  circulation,  and  there  is  evi- 
dence that  the  pathogenic  potency  of  this  micrococcus  may  vary 
considerably  as  a  result  of  conditions  relating  to  its  origin  and  culti- 
vation in  the  aniraid  bodj"  or  in  artificial  media.  When  injected  in 
considerable  quantities  it  may  be  obtained  in  cultures  from  the 
urine,  but  not  stwner  than  six  or  eight  hours  after  the  injection,  and 
not  until  the  formation  of  purulent  foci  in  the  kidneys  has  already 
occurred  (Wy.s8okowitsch). 

The  pyogenic  properties  of  this  micrococcus  have  been  demon- 
strated upon  man  hy  the  experiments  of  Grarre,  of  Bockhart,  and  of 
Bumm.  The  first-named  observer  inoculated  a  small  wound  at  the 
edge  of  one  of  his  iiuger  nails  with  a  minute  tiuantity  of  a  pure  cul- 
ture, and  a  subepidermal,  purulent  intlammation  extending  around 


&ji' 


l^-^ 


Fio.  81  —Vertical  sect  ion  tbrougrh  a  KUbcutanAoiis  abacesa  caused  by  inoculation  wlUi  staphylo- 
cocci, in  tbe  rabbit,  forty  eiKbt  hours  after  Infection;  marpin  towards  the  nomml  ciaiiue.  x  SSO. 
(BaumgartL-n.) 


ttie  margin  of  the  nail  resulted  from  the  inoculation.  Staphylococ- 
cus aureus  was  recovered  in  cultures  from  the  pus  thus  formed.  A 
more  erteasive  and  extremely  satisfactory  experiment  waa  subse- 
quently made  by  Qarre,  who  applied  a  considerable  quantity  of  a 
pure  culture  obtained  from  the  above-mentioned  source — third  gene- 
ration— to  the  iminjured  skin  of  his  left  forearm.  At  the  end  of 
four  (Liys  a  large  carbuncle,  surroundetl  by  isolateil  funmcles,  de- 
velop>ed  at  the  point  where  the  culture  had  been  applied.  This  ran 
the  Ufiual  course,  and  it  was  several  weeks  before  it  had  completely 
healed.  No  less  than  seventeen  seal's  remained  to  give  evidence  of 
the  success  of  the  experiment. 

In  Bockhart's  experiments  a  similar  but  milder  result  was  ob- 
tained, the  conditions  hiiving  been  sonxewhat  tlift'erent,     A  small 
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quantity  of  an  agar  culture  was  suspended  in  0.5-per-cent  salt  acta 
tion,  au<l  this  was  rubbed  upon  the  uninjured  skin  of  the  left  ton- 
ann.     By  gentle  scrdtching  with  a  disinfecrted  finger  nail  the  efiUie> 
lium  was  removed  in  places  over  the  area  to  which  the  raieroooeeiii 
had  been  applied.     As  a  result  of  this  procedure  numerous  imp*- 
tigo  pustules  and  occasionally  a  genuine  furimclo  developed.     Por^ 
tions  of  the  skin  contiiiniug  the  smaller  pustules  were  excised  tad 
examined  microscopically.     As  a  result  of  this  exaooination  Bock- 
hart  concluded  that  the  cocci  penetrate  by  way  of  the  hair  foltida^ 
the  sebaceous  and  8udorij>arous  glands,  or,  wliere  the  epidermis  hsj 
been  removed  by  scratching,  directly  to  the  deeper  layers  of  the  i 

In  Bumm's  experiments,  made  upon  hiniself  and   several 
persons,  Staphylococcus  aureus  suspended  in  sterilized  salt  soiotian 
was  injected  beneath  the  skin.     An  abscess  resulted  in  every  caa& 

The  very  extended  researches  matle  by  bacteriologists  during;  tlie 
past  five  or  six  years  show  that  the  golden  staphylococcus  is  tk» 
must  cotnmon  pyogenic  microorganism.  Its  proseuce  has  beeo  de- 
monstrated not  only  in  furuncles  and  carbuncles,  but  also  in  variom 
pustular  affections  of  the  sldn  and  mucous  membranes — impetiiga. 
sycosis,  phlyctenular  conjunctivitis  ;  in  purulent  conjunctivitis  sod 
inflammation  of  the  lacrymal  sac  ;  in  acute  abscesses  formed  in  tbe 
Ij-mphutic  glands,  the  parotid  glan<l,  the  t«.)nsils,  the  manuiue,  ctr.; 
in  metastatic  abscesses  and  purulent  collections  in  the  joints  ;  in  ^ 
pyema  ;  in  infectious  osteomyelitis  ;  and  in  ulcerative  end( 
The  evidence  relating  to  its  presence  and  etiological  import  in  ti» 
last-men tioneii  affecitions  demands  special  consideration. 

Infcriious  osteomyelitis  appears  from  the  researches  of  Bedkv. 
Rosenbach.  Krause,  Passet.  and  others,  to  be  usually  due  to  the  pw- 
sence  of  Staphylococcus  aureus,  although  Kraske  has  shown  that  m 
certain  cases  this  is  associated  with  other  microorgimisms^  T*'^'^Tfj 
who  obtaintHl  this  micrococcus  from  the  pus  of  ostei  •  is  in  I8SI. 

was  the  first  to  show  by  experiment  that  the  same  tii  i  a  mi^lit  l» 
induced  in  rabbits  by  injecting  cultures  of  the  micrococcus  into  the 
circulation,  aft*!r  having  crushed  or  fractunnl  a  bone  in  ooa  of 
legs.  The  anhnal  usually  died  in  from  twelve  to  fourteen  dayvi 
presented  the  usual  appe^vrances  of  osteomyeUtis  at  the  fractumd 
point.  The  abundant  yellowish-white  pus  contained  tlie  goidai 
st^jphylococcus  which  was  descrilxsl  by  Becker,  and  suhsoqiNBttf 
known  in  the  bacteriological  laboratories  of  Germany  as  tb©  "  inJ- 
croooccus  of  infectious  osteomyelitis."  Beckers  ex{>erimental  w> 
suits  have  been  cijnfu^ned  by  Krause  and  Rust'tiUtch;  and  Rodet,  bjr 
injecting  smaller  quantities  of  a  culture  into  the  circulation,  has  sac- 
cetnled  in  producing  an  osteomyehtis  without  previous  injury  to  tbt 
bone. 
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Ulcerative  endocarditis  has  been  shown  hy  the  researches  of 
numerous  bacteriologists  tn  be  occasionally  accompanied  by  a  mycotic 
invasion  of  the  affected  tissues  by  the  golden  staphylococciLS ;  in 
other  cases  Streptococcus  pyogenes  is  present.  The  researches  of 
"Weichselbaum,  and  of  E.  Friinkel  and  Sanger,  also  show  that  it  is 
present  in  a  certain  proijortion  of  the  cases,  at  least,  of  endocarditis 
verrucosa,  although  in  smaller  numbers.  That  the  diseased  condi- 
tion of  tlie  cardiac  valves  in  ulcerative  endocanlitis  is  due  to  mycotic 
invasion  is  now  generally  admitted  and  is  su]»port^-'d  by  exjieriinental 
evidence.  Rosenbach  first  (1873)  produced  an  eiidocartlitis  in  lower 
animals  by  mechanical  injury  to  the  cardiac  valves,  effected  b^-  in- 
troducing a  sound  through  the  aorta.  Following  his  method,  Wys- 
sokowitsch  (1SS5),  after  injuiing  the  cardiac  valves  in  rabbits,  in- 
jected into  the  circulation  pure  cultures  of  various  bacteria.  Ho 
obtained  positive  results  with  Staphylococcus  aureus  and  Strepto- 
coccus pyogenes  only.  Wlion  these  micrococci  w^ere  injecte<I  into 
the  trachea  or  subcutaneously  the  result  was  negative,  as  was  the 
case  when  very  few  cocci  were  injected  into  a  vein,  or  when  two 
days  or  more  were  allowed  to  elapse  after  injury  to  the  cardiac 
valv^.  Subsequently  Wcichselbaum.  Prudden.  and  Fninkol  and 
Sanger  obtained  confirmatory  resultw,  thus  establishing  the  fait  that 
when  the  valves  are  first  injured  mechanically  (or  chemiccdly — 
Prudden)  the  injection  into  a  vein  of  a  pure  culture  of  St-aphylococeus 
aureus  gives  rise  to  a  genuine  ulcerative  endocarditis.  It  has  been 
further  shown  by  Ribbert  that  the  same  result  may  be  obtained  with- 
out previous  injur}-  to  the  valves  by  injecting  into  a  vein  the  staphy- 
lococcus from  a  potato  culture  suspended  in  water.  In  his  experi- 
ments not  only  the  micrococci  from  the  surface  but  the  superficial 
layer  of  the  potato  was  scraped  off  with  a  sterilized  knife  and  mixed 
with  distilled  water  ;  and  the  successful  result  is  ascribed  to  the  fjict 
that  the  little  agglomerations  of  micrcx;occi  and  infected  fragments 
of  potato  attach  themselves  to  the  margins  of  the  valves  more  readily 
than  isolat<*d  cocci  would  do.  In  these  experiments  the  mitral  and 
tricuspid  valves  were  affected,  while  the  semilunar  valvc-^  remained 
intact.  In  ulcerative  endocarditis  it  is  evident  that  cocci  detached 
from  the  diseased  valves  must  find  their  way  into  the  circula- 
tion. As  a  matter  of  fact,  ma-sses  of  nucrococci  jire  carried  away  by 
the  blood  stream  and  form  emboli  in  various  parts  of  the  boily,  ^v^hicJi 
become  secondary  foci  of  infection  and  give  rise  to  local  necrotic 
changes  and  accumulations  of  pus.  While  this  luidoulitedly  occurs, 
it  is  generally  ailmitted  that  the  mycutic  iiifoi'tioii  of  the  ctirdiac 
valves  is  usually  a  secondary  aii'ection,  resulting  from  the  transpor- 
tation of  micrococci  in  the  blotxl  current  from  some  other  infected 
focus.     But  there  is  no  general  development  of  micrococci  in  the  cir- 
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culuting  fluid,  anil  in  inau,  as  in  animals  infected  experimentaUr.  a 
microscopic  exsuiiination  of  tho  blood  for  microorganisms  usuaUt 
gives  a  nt'gative  result.  Culture  ex]>eriments  may.  however.  demoB- 
strate  their  presence.  TiiuH  recent  investigations  by  Netter,  Bs(4- 
berg,  and  others  show  that  tlie  pus  cocci  are  usually  present  in  lim 
blood  in  small  niunVters,  as  demonstrated  by  culture  oxperimenta,  is 
septic  infection  from  wounds. 

2.  STAPH VLOCOCCUS  PYOGENES   Xt^US, 

Isolated  by  Hosenbach  (1884)  from  the  pus  of  acute  ab8oeawi,a 
which  it  is  sometimes  tlie  only  microor<j^anisnn  present,  and  wmb^ 
times  as.^ociated  with  other  pus  cocci.  In  thirty-three  acute  ubecom* 
examined  by  Passot  (18H5)  it  was  associated  with  Stnphylooo(ra» 
aureus  in  eleven,  with  Staphylococcus  citi-eus  in  two,  with  Strppdv 
coccus  pyogenes  in  one,  with  l«jth  Sta[)hyl<xx)ccii8  citreus  and  Stiqv 
tococcus  pyof^enes  in  one,  and  was  obtained  alone  from  four. 

In  its  miirjihdliiff!/  this  microccK^cus  is  identical  with  tb©  preood* 
ing,  but  it  is  distinguished  from  it  by  the  absence  of  pigment «ad 
by  being  somewhat  less  pathogenic.  Surface  cultiiroa  upon  natrint 
agar  or  jwUito  have  a  milk-whlto  color.  It  liquefioa  ^latin  in  tJie 
same  way  as  does  tho  golden  stiiphylo<?occus.  but  the  defxisit  at  the 
bottom  of  the  liquefied  gelatin  is  Avithout  color.  In  the  temperstinv 
conditions  favorable  to  its  growth,  and  in  its  biolot^cal  ohaiudcn 
generally,  ^vith  the  exceptions  noted,  it  is  not  to  be  (listingmslMd 
from  the  sjiecies  pre\'iously  described,  Accfirding  to  Pliigge,  it  k 
more  common  than  aui-eus  among  man?'  of  tho  lower  nnimala. 

Pathoyenesiit. — Fortunati  has  tested  tho  comparativ-e  pf*<hflgw^ 
power  of  Stajihylocoi'cus  aureus  and  Staiihylococcus  albuH  bjT  ilMico> 
lations  into  the  cornea  of  rabbits.  A  purulent  infiltration  of  tbr 
cornea  and  panoiihthalmitis  resulted  when  StaphyUxTocoun  atuvoi 
was  inoculat<'d  upon  the  surface  of  the  cornea  by  scratcV"  ^  Ith  an 
infected  nwdle.  but  intx-ulations  mndo  in  the  same  way  .  -^pby* 

lococcus  albus  healed  spontaneously  or  gave  rise  to  n  pc^riomttM 
ulcer.  After  jwiracentesis  of  the  coniea  with  an  instrument  infectMi 
with  Staphylococcus  aureus  panophthalmitis  developed  in  thirty  horn; 
the  same  result  occurnxl  at  the  end  of  sixty  to  8t»venty-t<ro  boon 
when  tho  instrument  was  infectetl  with  Staphylocix-cus  alboK.  WImb 
a  sterilized  instrument  was  used  the  result  was  negative.  In  bactari< 
ological  researches  made  l>y  Gallenga,  in  cases  of  |>anophthabBit2S  ta 
man,  St^iphyloctx^cus  albus  was  found  in  ten  cultures  and  StaiAT* 
lococcus  aureus  in  nine. 

Staphylococcus  Epidermidis    Albus   (Welch). 
The  recently  publishe<l  resesirches  of  Welch  show  thai  a  wUla 
Htaphylococ-cus,   probably   identical    with  Staphylococcus  pxttgmmt 
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alhus  of  Rosenbach,  is  the  most  common  microorganism  ujtou  the 
surfav-e  of  the  hotly,  and  thcit  '*  it  is  vt«ry  often  prcst'iit  in  parts  of  the 
epidermis  deeper  than  can  be  reached  by  any  known  means  of  cuta- 
neous disinfection  save  the  application  of  heat."  With  reference  tt 
this  coccus  Welch  says  : 

"So  far  as  our  observations  extend — and  already  they  amotiiit  to  a 
larpe  number — this  coccus  may  be  re^^anled  as  a  nearly,  if  not  quite,  con- 
stant inlitibitJint  of  the  epidermis.  It  is  now  clejir  why  I  have  pn)iK)sed  to 
cull  it  the  Slitphylococcus  epidermidis  albus.  It  possesses  such  feeble  pyo- 
genic capacity,  as  is  shown  by  its  behavior  iu  wouads  as  well  as  by  ex|>eri- 
ment.s  on  rabbits,  that  tbe  desig-naiixo  Bt^tpliylocfjccus  pyogenes  albus  does 
not  seem  appropriate.  Still,  I  mo  not  iiioliiifid  to  insist  too  much  upon  this 
p^int,  as  very  probably  this  c<k*cus.  whicli  lias  hithert*>  been  unquestionably 
idenlitied  by  Bossowski  and  otliei-s  wilh  tlio  ortliriury  Stapliylocoocua  pyo- 
genes albus  of  Rosenbach,  is  an  atteimated  or  nuxlifiod  form  of  the  latter 
orjEranisni.  altlmuy'h.  as  alreaily  mentioned,  it  presents  sotne  points  of  ditFer- 
enee  from  the  classical  description  of  the  white  pyogenic  coccus." 

According  to  Welch,  this  coccus  differs  from  Staphvlococcua  pyo- 
g^enes  aureus  not  only  in  color,  but  also  in  the  fiiet  that  it  liquefies 
gelatin  more  slowly,  does  not  so  quickly  cause  coagulation  of  milk, 
and  is  far  leas  virulent  when  injected  into  the  circulation  of  rabbits. 
It  has  l>een  shown  by  the  researches  of  Bossowski  and  of  Welch 
that  this  coccus  is  very  frequently  present  in  aseptic  wouniLs,  and 
that  usually  it  does  not  materially  interfere  with  the  healing  of 
wounds,  although  sometimes  it  appears  to  cause  suppuration  along 
the  drainage  tul>e,  and  it  is  the  usual  cause  of  "stitch  abscess." 
Bosstiwski,  in  fifty  cases  of  wounds  treated  anti.septicidly,  obtained 
bacteria  from  the  discharges  in  forty,  and  in  twenty-six  of  these 
cases  he  found  Staphylococcus  pyogenes  albus  ;  Staphylococcus  au- 
reus was  found  nine  times,  Streptococcus  pyogenes  in  two,  and  vari- 
ous nou-pathogeuic  biicteria  in  eight.  In  forty-five  laparotomy 
wounds  examined  by  Ghrisky  and  Robb,  in  which  strict  antiseptic 
precautions  had  been  observed,  bacteria  were  found  in  thirty -one,  and 
in  nineteen  of  this  numl>er  Staphylococcus  albus  Wiis  i>resent, 
Staphylococcus  aureus  in  five.  Bsicillua  coli  com'mimis  in  six,  and 
Streptococcus  pyogenes  in  tlirce. 


3.      STAPH yLOCOCCUS   PYOGENES  CITREUS. 

Isolate<l  by  Pas-set  (1SS.5)  fi-om  the  pus  of  acute  absccsse.s.  In  thirty- 
three  cases  cxaniined  it  was  found  as.soeiated  with  StaphylfK-fXJCUs  albus  in 
two  and  with  Staphylococcus  albus  nml  Stit'ptocixjcus  pyogenes  in  one. 

In  its  morphotuf/if  this  coccu.>j  is  identicjd  witii  the  two  preceding  8|>ecies, 
from  which  it  is  distiiiwiiislie<l  by  the  furnialion  of  a  lemon-yellow  pignjonl, 
instead  of  a  golden  or  onuige-yeilow  as  in  StaphylociK'cus  aureus.  The 
pigraent  is  only  fornie<l  in  tlie  presence  of  o.xygen.  Thi.s  coccus  is  said  by 
Fhinkel  to  liquefy  gchitin  mor»?  slowly  than  the  previously  described  siiecies 
— St&pliylococcus  aureus  and  Sta(>hyIocoecu8  albus. 

As  t<^>  ils  iHithugeuic  prnpi'riieM  we:  have  no  definite  information.  It  is 
included  among  the  pyogeiuc  bacteria  because  of  its  occasional  prustiuce  in 
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the  pus  of  acute  abscesses,  althoug'h  it  lias  heretofore  only  been  found  io  i 

sociation  with  other  microorgtmisms. 

4.     MICROCOCCUS  PTOOEyBS  TENUIS. 

Obtained  by  Rosenbach  (1884)  from  pus  in  three  cases  out  of  thiKj-i 
examined. 

.\ft>rphQ(itgf/. — Micpooo<.'ci.  Romevvhiit  irregular  in  size,    but  l«nj«f 
Stajiliylococc'us  albu.s,  and  seldom  a.s.sociated  m  masses.      Prequentijr  I 
dividual  ctM.-ci  present  the  appearance  of  consisting'  of  two  ueeplj-  i 

mas-ws  separatptl  from  each  other  by  a  paler  interspace.     Oultures  np , 

surface  of  nutrient  agar  form  a  very  thin,  transparent  layer  ofabootj 
millimetre  in  breadth  along  the  line  of  inoculation;  this  resembles  •  I 
layer  of  varnish. 

Pathoyenenia  undetermined.  (Micrococcus  pneumoniae  rroupOMBt) 


5.   STREPTOCOCCUS  PYOOEXES. 

Synonyms. — Micrococciis  of  erysipelas  (Fehleisen)  ;  Stre] 
erysipelatos  :  Streptococcus  of  pus  ;  Streptococcus  longus  ( Voo  Lia- 
gelsheiin). 

Obtained  by  Felilei.seu  from  the  skin  involved  in  cases  of  «rymf» 
las  (1883),  and  by  Rasenbach  (18S4)  and  Passet  (1985)  from  uie|w 
of  acute  abscesses.  The  characters  of  the  "  streptocoocas  of  mrjmf^ 
las "  of  Fehleisen  and  the  "  Streptococcus  pyogenes  "  of  Roaeofcaci 
and  Pa.s.sc<t  are  generally  admitted  to  be  identical,  althoa^fa  »e^i^ 
bacteriologistj;^  still  da'^ribc^  them  separately  and  cultoraes  fracn  lbs 
two  sources  are  still  retaine<l  in  bacteriolc^oal  laboratories  under  1h» 
names  originally  given  them. 

Rosenbach  founil  Streptococcus  pyogenes  alone  in  fifteen 
and  as-sociated  with  staphylococci  in  five  cases,  out  of  thir^' 
cases  examined  of  acute  pus  formation.  Paaset,  in  thirty- 
similar  cases,  obtained  the  streptococcus  alone  in  eight  and 
with  staphylococci  in  two.  Subsequent  reeearchee  ahciTr  »>»«»<  tfca 
mitTococc'UH  is  frequently,  if  not  constantly,  present  in  ptMTMnl 
metritis  ;  that  it  is  the  most  frequent  microorgnniam  asMociatttl  wHIb 
ulcerative  endocanlitis  ;  that  it  is  frequently  present  in  di  ~m 

false  membranes,  and  especially  in  those  cases  of  diphtheri  i  -n- 

mation  which  are  secondary  to  scarlet  fever  and  measles  [t  >. 

Numerous  investigations  tnade  by  bacteriologists  during  tbo  puv 
years  indicate  tliat  tliis  is  a  very  important  and  widely  dr  * 
pathogenic  microorganism.     It  has  also  been  frequently  foi;     . 
exjioBod    mucous   surfaces — mouth,    nose,    vagina — of   heaithjr  i»- 
dividuals. 

Aocortling  to  the  researcbes  (1891)  of  Von  Lingeblieim,  th« 
tocof^UH    pyogenes  differs   from   Streptococcus  eryiti|)vlato»   {n  „ 
ing  itatbogeuic  both  for  mice  and  rabbits,  while  thtt  hitter  is  pstiK^ 
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genie  for  rabbits  onlj-.  The  cinthor  named,  as  a  result  of  extended  and 
carefully  conducted  comparative  studies,  ari'ivea  at  the  following 
conclusions: 


I 


I 

I 


"  Accordinsr  to  my  obs<?rvations,  there  are  two  g^reat  groups  amoni;  the 
streptococci.  These  cannot  be  distiiig-uished  one  from  the  other  in  cultures 
in  highly  albuminous  iiif»iliii  (pus.  blood  serum),  but  present  constant  dif- 
fei-ences  when  cultivated  in  Douillon.  The  decisive  characteristics  in  this 
muilium  are  :  macroscopic,  tiie  cloudiness  of  the  nicdiutu  ;  microscopic,  the 
length  of  the  chatus.  The  two  grou[)s  are  with  difficulty  distinguished  in 
agar  cultures;  more  easdy  in  gelatin,  in  which  the  strept(x;<iccu8  which 
forms  short  chains  causes  a  slight  liquefaction,  while  the  Streptococcus 
longus  does  not.  Upon  potato  Streptococcus  brevis  alone  shows  a  visible 
growth.  .  .  .  We  see  here  a  group  of  streptococci  which  we  separate  from 
the  others  because  of  their  microscopic  and  cultural  differences,  under  the 
name  of  Streptococcus  brevis,  which  is  also  distinguished  by  haviug  no 
pathogenic  action  upon  the  animals  iisually  e.xperiinented  upon  We 
recognize,  on  the  other  hand,  tlie  streptococci  whicn  we  have  grouped  to- 
gether as  Sti-cptococcus  longus  as  all  pathogenic  and  about  in  equal  degree 
for  a  certain  species  of  anunal  (rabbits) ;  out  by  experiments  upm  other 
species  (mice)  we  arrive  at  the  conclusion  that  there  must  also  be  aitferences 
TOtween  these  streptococci.  It  appears  that  the  sti-eptococci  which  are  dis- 
tinguished by  their  high  degree  of  pUhogenic  power  upon  mice  are  also 
those  which  aredistineuished  in  boudlon  cultures  by  the  formation  of  con- 

flomerate  ma-sses.     We  find  among  the.se  al.so  one  which  is  distinguished 
y  especial  virulence  for  mice,  and  that  this  one  is  disliuguished  in  cultures 
by  its  Scanty  growth  upon  ox  serum." 

The  more  recent  researches  of  Knorr  (ISii;}),  and  of  Waldvogel 
(1894),  indicate  that  the  classitication  of  the  streptococci  proposed  by 
von  Liugelsheim  has  no  great  vahie,  and  show  that  marked  changes 
in  biological  characters  and  in  pathtigenic  jtower  may  result  from 
cultivation  in  special  meilia,  or  from  successive  inoculations  into 
animals. 

Morphology. — Spherical  cocci,  from  0,4  /*  to  1  /^  in  diameter,  but 
varying  considerably  in  dimensions  in  different  cultiires,  and  even 
in  a  single  chain.  Multiply  by  binary  division, 
in  one  direction  only,  forming  chains,  in  which 
the  elements  are  commonly  associated  in  pairs. 
Under  certain  circumstances,  instead  of  form- 
ing chains,  a  culture  may  contain  only,  or 
chiefly,  diplococci ;  but  usually  chains  contain- 
ing from  four  to  twenty  or  more  elements  are 
formed,  and  these  are  frequently  associated 
in  tangled  masses.  Occasionally  one  or  more 
cells  in  a  chain  g^atly  exceed  their  fellows  in 
size,  and  some  bacteriologists  suppose  that 
these  cells  serve  as  reproductive  spores — arthro- 
epores — but  this  has  not  been  definitely  proven. 

Stains  readily  with  the  aniline  colors  and  by  Gram's  method. 


■■;*. 


5i^ 
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Biological  Characters. — GroNvs  readily  in  various  liquid  ud 
solid  culture  mediae  including  all  of  those  usually  employed  it  W 
teriologicf J  researches.  The  most  favorable  temperature  for  it*  it- 
velopment  is  from  30°  to  37°  C,  but  it  multiplies  freely  at  the  ca- 
nary room  temperature — 16"  to  18"  C. 

Streptococcus  pyogenes  is  a  facultative  anaer(Utic,  grnmsi; 
both  in  the  presence  and  absence  of  oxygvu.  It 
does  not  liquefy  gelatla,  and  in  gelatin  iici 
cultures  it  gi-ows  along  the  line  of  panetOM^ 
forming  numerous  small,  BphericaU  tnadfr' 
cent,  whitish  colonies,  which  are  cl«iaely  crowd- 
ed together  at  the  upper  portion  of  tbeUMof 
growth,  and  often  di.>?tim-tly  eeparated  CrM 
each  otlier  below  ;  upon  the  surface  then  ■ 
often  no  growth,  or  a  scanty  development  any 
occur  about  the  point  of  entrance  of  the  imrv 
luting  needle.  The  minute  culoniets  a)u(i|(  ^ 
lino  of  puncture  are  already  visible  at  tlw  vi 
of  trwent^'-four  hours  in  culturee  kefit  in  Ikt 
incubating  oven  at  30"  to  35"  C. ,  and  at  the  si 
of  three  or  four  days  they  have  reocfacd  Ifaar 
I  full  development,  forming  a  semi-opaque. whi*^ 

I  granular  column,  upon  the  mar^ina  of  whit^ 

I  the  separate  colonies  are  seen  pro joctini^  into tfa 

I  I  gelatin.     On  gelatin  plates  vor>-  small,  tntafo- 

%  ^  cent  coloniesare  developed,  which  upon  tii»atf> 

^^^^^  face  spread  out  to  form  aflat,  tran^iarcot  dv 

of  about  one-half  millimetre,  U  nder  a  Jo«r  m^ 
nif^nng  power  these  colonies  are  aeon  iobedig!^^ 
ly  granular  and  have  a  yellowish  color.  JLl  • 
later  date  they  become  darker  and  leas  tm^ 
parent,  and  the  margin  may  show  irreguhu-  projectiooa  mod^i^i^ 
tangled  masses  of  cocci  in  chains.  The  characters  of  gnurtk  n 
nutrient  agar  and  in  jellified  blood  senun  are  similar  to  ihomo  tnf^ 
tin,  and  on  agar  plates  colonies  are  formed  similar  to  thoae  aki^ 
described,  except  that  tliey  are  somewhat  smaller  and  moivlMi^ 
parent.  Fehleisim  and  De  Simoue  s(alA.«  tlmt  the  er^'apelaa  eoecw 
miiy  develop  uiK>n  the  surface  of  c«M>ked  (x^tato,  but  mo«t  iiiiltmiiliw 
— Fliigge,  C.  Frunkel,  Paaset,  Baumgarten— agreo  that  do 
occurs  ujxm  potato.  Milk  is  a  fuvond»le  rae<lium  for  tlio  gnvvrtlx 
this  micnx-occus,  and  the  casein  is  coagulated  by  it„  A  «ltgfatjT  aal\ 
reaction  of  the  culture  medium  docs  not  prevent  ita  ik  i  lIuimmiI  I 
The  thermal  death-point,  as  determined  by  the  writer,  ia  tw.t»Wi| 
i'i"  niid  5-1°  C,  the  time  of  extxjsure  Iteing  ten  minutes.     Acnvt&vj 


Flo,  8S.-8treplococ«iM 
of  ^ryaipeiaM  in  nutrient 
Kvlatin;  stick  ciilttirv  kt 
end  of  four  days  at  10"- 
18*  C  <Baui>iK>rt«<>)' 
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to  De  Siinone,  a  temperature  of  39.6°  to  41°  C.  maintained  for  two 
days  is  fatal  to  this  roicrococcus. 

Manfredi  and  Traversa  have  injected  filtered  cultures  into  frogs, 
guinea-pigs,  and  rabbits  for  the  pui-pose  of  ascertaining  if  any  solu- 
ble toxic  substance  is  produced  during  the  growth  of  Streptococcus 
pyogenee.  They  report  that  in  some  cases  convulsions  and  in  others 
paralysis  resulted  from  these  injections. 

Von  Lingelsheim  has  (islll)  reported  the  following  results 
obtained  in  an  extended  series  of  experiments  made  to  Jeterniirie 
the  germicidal  power  of  various  chemical  agents  as  testetl  upon 
this  microorganism — time  of  exposure  two  hours  :  Hydrochloric  acid 
1  :  250,  sulphuric  acid  1  :  'i50,  caustic  soda  1  :  130,  ammonia  1  :  25, 
mercuric  chloride  1  :  2,500,  sulphate  of  copper  1  :  200,  chloride  of 
iron  1  :  50O,  terchloride  of  iodine  1  :  750,  peroxide  of  hydrogen  1  :  50, 
carboUc  acid  1  :  300,  cresol  1  :  250.  lysol  1  :  300,  creoUn  1  :  130,  naph- 
thylamin  1  :  125,  malachite  green  1  :  3,0W,  pyoktanin  1  :  700. 


">^. 


■M'  r 


Flo,  81  — Siwtino  from  toorgu  of  aa  eryBlpelaxuu^i  iuUamiuation,  cbovlog  streptococci  In 
lymph  sp«CM.    Frum  •  pbotograpb  by  Koch,    x  900. 


Pathogenesis. — When  inoculated  into  the  cornea  of  rabbits 
Streptococcus  pyogenes  gives  rise  to  keratitis.  Inoculations  into  the 
ear  of  the  same  animal  usually  give  rise  to  a  localized  erysipelatous 
inflammation  accompanied  by  an  elevation  of  teni|)eratiire  in  the  in- 
oculated ear ;  at  the  end  of  thirty-six  to  forty-eight  hours  the  in- 
flamed area,  which  has  well-defined  margins  and  a  bright-red  color, 
extends  from  the  point  of  inoculation  along  the  course  of  the  veins  to 
the  root  of  the  ear.  This  appearance  passes  away  in  the  course  of  a 
few  days  and  the  animal  recovers.  Subcutaneous  injections  into  mice 
or  rabbits  are  usually  without  result,  and  the  last-named  animal  also 
■withstands  injections  of  considerable  quantities  into  the  general  cir- 
culation through  a  vein.  When,  however,  the  animal  has  preAiously 
been  weakened  bj'  the  injecticjn  of  toxic  substances  the  streptococcus 
may  multiply  in  its  btxly  and  cause  its  deatli  (Fliigge). 

Fehleisen  has  inoculated  cidtures,  obtained  in  the  first  instance 
from  the  skin  of  patients  ^vith  erysipelas,  into  patients  in  hospital 
suffering  from  lupus  and  carcint'ina,  and  has  obtained  positive  re- 
sults, a  typical  erysipelatous  uiflammation  having  developed 
19 
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around  the  point  of  inoculation  after  a  period  of  inciibBtiao  oi  fnm  , 

fifteen  to  sixty  hums.     This  was  attended  with  chilly  t 

an  elevation  of  temperature.     Persons  who  had   reoently 

from  an  attack  of  erysijiela-s  proved  to  be  immune. 

Sections  made  from  theear  of  an  inoculated  rabbit,  or  of  skmtikB 
from  the  aflfected  are^  in  erysipelas  in  man,  show  the  streptoooed  is 
considerable  numbers  in  the  lymph  channels,  but  not  in  the  Moak 
vessels.  They  are  more  numerous,  according  to  Koch  and  to  F«W- 
eisen,  upon  the  margins  of  the  erysipelatous  area,  and  may  etm  ht 
seen  in  the  lymph  channels  a  httle  beyond  the  red  margin  wUA 
marks  the  line  of  progress  of  the  infection. 

The  researches  of  Weichselbaum  and  others  shoiKr  that  I 
coccus  pyogenes  is  the  infecting  microorganism  in  a  certain 
tion  of  the  cases  of  ulcerative  endocarditis.  The  author 
found  it  in  four  cases  out  of  fifteen  examined,  and  in  two  < 
endocarditis  verrucosa  out  of  thirteen.  In  a  previously  reported  i 
of  sixteen  cases  (fourteen  of  ulcerative  endocarditis  and  two  of 
rucosa)  the  streptococcus  was  found  in  six. 

In  diphtheritic  false  meinl>ranes  this  streptococcus  is  vecy  c 
monly  present,  and  in  certain  cases  attended  with  a  diphtheritie* 
dation,  in  which  the  Bacillus  dipbtheriae  has  not  been  found  by  c 
petunt  bacteriologists,  it  seems  probable  that  Streptococcus  proRSM 
is  the  pathogenic  microorganism  responsible  for  the  loc^ 
tiun  and  its  results.     Thus  in  a  series  of  twenty-four  cases  sto&d  bf  | 
Prudden  in  1889  the  bacillus  of  Loffler  was  not  found,  **  but  ai 
tococcus  apparently  identical  with  Strept^x;occu8  pyof^enes  was  (baat 
in  twenty-two."    ChantemeH.se  and  Widal  have  also  repoitvd 
in  which  a  fibrinous  exudate  resembling  that  of  diphthcriH  wi 
sociated  with  a  streptococcus,     "  These  forms  of  so-called 
are  most  commonly  associated  with  scarlatina  and  mnninlcM, 
las,  and  phlegmonous  inflammation,  or  occur  in  individoals  i»^f— 
to  these  diseiuses  ;  but  whether  exclusively  under  these  cociditiaHi*  I 
not  yet  established  "  (Prudden), 

Loffler  has  descril«d  under  the  mune  of  StrtrpiocoetMS  oriie^  \ 
lorum  a  micrococcus  obtained  by  him  from  the  affected  mi 
membrane  in  cases  of  diphtheria,  and  which  he  believoa  to  b» 
dentally  present  and  without  any  etiological  import  in  tliMy  ifj^ 
In  its  characters  it  closely  resembles  Streptococcus  pyogcsiM  asd  » I 
perhaps  a  variety  of  this  widely  distributed  species.  Its 
ve  described  by  Fliigge  as  follows  : 


"  Cultivated  in  nutrient  (felAtin,  it  forms  Mt  the  end  of  threa  „ 
transparent,  lifi^ht-gniy  dropn,  u]x>a  the  margin  of  which,  underliw^ 
scope,  the  cocci  iu  twUt«d  i-tiaius  muy  be  utMt^rved.     As  ixuutj  m»  ai»km^ 
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dred  elements  may  be  found  in  n  sinple  chain,  and  Rome  of  these  are  distin- 
guished by  their  size;  occasionally  whole  chains  are  made  up  of  these  larfre 
cocci,  and  when  closely  observed  some  of  these  may  present  indications  of 
division  transversely  to  the  axis  of  the  chain.  Rubculaneous  inoculation  of 
cultures  into  mice  results  in  the  death  of  a  considerable  number  of  these  ani- 
mals— more  than  half;  and  the  streptococci  are  found  in  the  spleen  and  other 
orgfans.  Inoculation  into  the  ear  of  rabbits  causes  au  erysipelatous  inflam- 
mation. When  injected  into  the  circulation  of  these  animals  throug^h  a  vein 
joint  affections  are  developed  in  from  four  to  six  days,  and  a  jiurutent  ac- 
cumulation occurs  in  wliicli  the  streptococci  are  found.  In  two  rabbits  in- 
oculated iu  the  same  way  with  a  culture  of  the  streptococcus  of  erysipelas, 
IjofEler  has  observed  a  similar  result." 

Recent  researches  indicate  that  infection  by  Streptococcus  pyo- 
[68  through  the  endometrium  is  the  usutil  cause  of  puerperal 
er.  Thus  Clivio  and  Monti  demonstrated  its  presence  in  five 
cases  of  puerperal  peritonitis.  Czemiewski  found  it  in  the  lochia  of 
a  large  number  (thirty-five  out  of  eighty-one)  of  women  suffering 
from  puerperal  fever,  but  in  the  lochia  of  fifty-seven  healthy  puer- 
peral women  he  was  only  able  to  find  it  once.  In  ten  fatal  cases  he 
found  it  in  every  instance,  both  in  the  lochial  discharge  during  life 
and  in  the  organs  after  death.  Widal  carefully  studied  a  series  of 
sixteen  cases  and  arrive(^l  at  the  conclusion  that  this  was  the  infect- 
ing microorganism  in  all.  Bumm  and  other  observers  have  given 
similar  evidence.  Eiselsberg  and  Emmerich  have  succeeded  in  de- 
monstrating the  presence  of  the  streptococcus  in  hospital  wards  con- 
taining cases  of  erysipelas.  That  puerperal  fever  may  result  from 
infection  through  the  finger  of  the  accoucheur,  when  he  has  previ- 
ously been  in  contact  with  cases  of  erysipeUis,  has  long  been  taught, 
and,  in  view  of  the  facts  above  recorded,  is  not  difficult  to  under- 
stand. But  in  view  of  the  fact  that  tlie  streptococcus  of  pus  has  been 
found  in  vaginal  mucus  and  in  the  buccjJ  and  nasal  secretions  of 
healthy  persons,  it  may  apjrear  strange  that  cases  of  puerperal  fever 
not  traceable  to  infection  from  erysipelas  or  from  preceding  cases 
do  not  occur  more  frequently.  This  is  probably  largely  due  to  an 
attenuation  of  the  pathogenic  power  of  the  streptococcus  when  it 
leads  a  saprophjiic  existence.  Widal  a.sserts  that,  when  cultivated 
in  artificial  media  for  a  few  weeks,  the  cultures  no  longer  have  their 
original  \'iridonce,  and  Bnmm  has  made  the  same  observation.  On 
the  other  hftnd,  in  "*  streptococcus-peritonitis '*  occurring  as  a  result 
of  puerperal  infection  Bimim  states  that  the  thin,  bright-yoHow, 
odorless  fluid  contained  in  the  cavity  of  the  abdomen  is  extremely 
ATTulent  :  a  very  slight  trace,  a  fragment  of  a  drop,  injected  into  the 
alxloiuinal  cavity  of  a  rabbit,  i»  sufficient  wdthin  twenty-four  hours 
to  cause  a  general  septic  infianimation  with  a  bloody  serous  exuda- 
tion, quickly  terminating  in  the  death  of  the  animal  ;  injected  sub- 
cutaueously  it  gives   rise    to  an    enormous  phlegmon  which  also 
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quickly  proves  fata!.  But  cultures  of  Streptococ<5us  pyogenaa, 
it  }ias  been  carried  through  successive  ^neratioas  in  artificial  mediii 
injected  beneath  the  8kin  of  a  rabbit,  usually  produce  no  reanlt  or 
at  most  an  abscess  of  moderate  dimensions. 

It  seems  probable  that  the  micrococcus  isolated  by  FI&gg«  fits 
necrotic  foci  in  the  spleen  of  a  case  of  leucocythiBinia,  and  deaoftai 
by  him  under  the  name  of  Strept<x:occu8  pyogeness  maligmia;  "■ 
simply  a  very  pathogenic  variety  of  the  streptococcus  of  pu*.  Et 
was  not  able  to  differentiate  it  from  Streptococcus  pyogenes  by  ill 
morpholog}'  or  growth  in  culture  media,  but  it  proved  far  ■<■» 
pathogenic  when  tested  upoa  animals.  Mice  inoculat^Ml  eubeUtu*- 
ously  with  a  minute  quantity  of  a  pure  culture  died,  >vithout  vxct^ 
tion,  in  three  to  five  days.  A  large  abscess  was  formed  at  the  pa* 
of  inoculation,  and  the  blooil  of  the  animal  contained  numercMU  cooa 
in  pairs  and  chains.  Rabbits  inoculated  in  the  got  ehovrod  miiit 
the  same  local  appearances  as  result  from  inoculations  with  atrcftv 
coccus  of  pus  and  of  ery.sipela3,  but  after  two  or  three  days  tJ9f 
toms  of  general  infection  were  developetl,  and  death  occurred  at  tfat 
end  of  three  or  four  days.  At  the  autopsy  the  cocci  were  fooad  ie. 
the  blood,  and  frequently  there  were  purulent  collectians  io  th» 
joints  containing  the  same  microorganism.  Krause  has  abn  if' 
scribed  a  streptococcus  which  only  differs  from  Streptococctu  jnv- 
genes  of  Rosenbach  and  Passet  by  the  greater  virulence  maotfaikirf^ 
by  its  cultures. 

The  fact  that  pathogenic  bacteria  may  attain  tux   intenaifiad  it-  j 
gree  of  virulence  by  cultivation  in  the  bodies  of  susceptible 
was  demonstrated  by  Davaine  many  years  ago.  and  ia  fully 
lished  by  the  experiments  of  Pasteur  and  others.      It  is  true  < 
anthrax  bacillus,  of  the  writer's  Micrococcus  Pasteuri.  and  of 
well-known  pathogenic  microorganisms.     The  reverse  of  thi»— at- 
tenuatiim  of  virulence  as  a  result  of  cultivation  in  ftrtifioial  tnadia—  j 
is  also  well  estabUshed   for  several   pathogenic    specieft.     Nov  A 
appears  that  the  attenuated  8trept<x:occus  is  far  letaa  lile»Iy  to|^j 
rise  to  erysipelas  or  to  puerperal  infection  than  ia  tbo . 
Organism  a?  obtained  from  a  case  of  one  or  the  other  of  thiaaf  iaftr  \ 
tlous  diseases.     The  same  is  probably  true  alao  of  Staphyloemai 
aureus  and   other  facultative  parasitee  which  are  found  aa  I 
phytes  upon  the  surface  of  the  body  and  upon  exposed  muoooa  i 
branes  in  healthy  persons.     And  it  is  not  improbable  that 
varieties  of  these  micrococci  which  find  their  vrny  into  opon  wuoAt 
or  into  the  uterine  cavity  shortly  after  parturition,   if  they  aaaf* 
destruction  by  the  sanguineous  discharge,  acquire  increaaed  patt^ 
genie  power  from  their  multiplication  in  it,  as  a  result  of  ^rhidl  lh^ 
are  able  to  invade  the  li\'ing  tissues.     But  it  appears  probaUatlirt 
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infection  through  open  wounds  does  not  depend  alone  ufjon  the 
potency  of  the  pathogenic  micrococci  present  in  them,  but  alwo  upon 
the  absorption  of  chemical  poisons  produced  by  septic  (putrefactive) 
bacteria,  which  wetvkea  tlie  vital  resisting  power  of  the  tissues. 
Gottstein,  as  a  result  of  experiments  made  by  him.  is  of  the  opinion 
that  the  resorption  of  broken-down  red  blood  corpuscles  favors  infec- 
tion by  pathogenic  bacteria  present  in  wounds  ;  and  he  has  shown 
that  the  injection  into  animals  of  certain  toxic  siibstiint'es  which  de- 
stroy the  red  corpuscles  iu  the  circulation  makes  them  susceptible  to 
the  pathogenic  action  of  certain  bacteria  which  are  harmless  for 
them  under  ordinary  circumstances.  Thus  a  guinea-pig,  an  animal 
which  is  immune  against  the  bacillus  of  fowl  cholera,  succumbed  to  an 
imxiulation  made  after  first  injecting  sulx*utaneuusly  O.Ofj  gramme  of 
hydracetin  dissolved  in  alcohol.  At  the  autopsy  hsemorrhagic  exu- 
dations were  fouml  in  the  serous  cavities,  hieimirrhagic  infarctions 
in  the  lungs,  and  quantities  of  the  bacillus  injected  were  found  in 
the  blood  and  in  fluid  from  the  ca\nty  of  the  abdomen. 

In  man  the  ever-present  pus  cocci  are  more  hkely  to  invade  the 
tissues,  fonning  furuncles,  carbuncles,  an<l  pustular  skin  eruptions, 
or  erysipelatous  and  phlegmonous  inflammations,  when  the  standard 
of  health  is  reiiuced  from  any  cause,  and  especially  when  by  absoq>- 
tion  or  retention  various  toiric  organic  products  are  present  in  the 
boily  in  excess.  It  is  thus  that  we  would  explain  the  Hability  t*)  these 
local  infections,  as  complications  or  sequelfe  of  various  apocific  infec- 
tious diseases,  in  the  victims  of  chronic  alcoholism,  in  those  exposed 
to  septic  emanations  from  sewers,  etc,  and  probably  in  many  caaes 
from  the  absorption  of  t<3xic  products  formed  in  the  alimentary  canal 
as  a  result  of  the  ingestion  of  improjier  foo<l,  or  of  abnortnid  fermen- 
tative changes  in  the  contents  of  tbe  intestine,  or  from  coustijjation. 

The  Pus  Cocci  in  Inflammations  of  Mucous  Membranes. — 
To  what  extent  the  pus  cocci  are  responsible  for  inducing  and  main- 
taining non-specific  inflammations  of  mucous  membranes  has  not 
been  determined  ;  but  ha\nng  demonstrate il  the  pyogenic  properties 
of  these  cocci,  their  presence  in  the  purulent  discharges  from  inflamed 
mucous  membranes  can  scarcely  l»e  considered  as  unimportant,  not- 
witlistanding  the  fact  that  thoy  are  also  freipiently  found  in  secre- 
tions from  healthy  raucoxta  surfaces.  They  are  likewise  foimd  upon 
the  skin  of  healthy  persons,  and  yet  we  have  uniini>eachable  experi- 
mental evidence  that  they  may  produce  a  local  inflammation,  at- 
tended with  pus  formati(jn,  when  injected  subcutaneously,  or  even 
when  freely  applied  to  the  uninjured  surface. 

In  otitis  media  Levy  and  Schrader  obtained  Staphylococcus 
albus  in  pure  cultures  in  three  cases  out  of  ten  in  which  paracentesis 
was  performed,  and  in  two  othera  it  was  present  in  association  with 
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other  microorganisms.  In  eighteen  cases  of  otitis  media  in 
children  Netter  found  Staphylococcus  aureus  six  times  and  Stivfte- 
coccus  pyogenes  thirteen  times.  Scheibe,  in  eleven  caaes  in  nhA 
perforation  had  not  yet  taken  place,  found  Staphyloooccus  alfaa»ii 
two  and  various  other  microorganisms  in  the  remaining  caesB ;  Sl» 
phyhx^oocus  aureus  was  not  present  in  any.  Habennann  obhuari 
aureus  associated  with  other  bacteria  in  a  single  case  of  pund^ 
otitis  meKlia.  In  a  series  of  eight  cases  occurring  as  a  nfqncilt  cf 
influenza  Scheibe  obtained  Streptococcus  pyogenes  in  two^  "dipi» 
coccus  pneumonia* "  in  two.  Staphylococcus  aureus  in  one.  StnfilO' 
coccus  pyogenes  and  Staphylococcus  albus  together  in  two,  and  Stn^ 
tcx^occus  pyogenes  in  association  with  an  undescribed  nticrooooeoiii 
one.  In  all  of  these  cases  a  slender  bacillus  wtu^  also  pronrnt.  •• 
shown  by  microscopical  examination,  which  did  not  grow  in  aaj  d 
the  culture  media  employed.  Bordoni-Uffreduzzi  and  Qiadnip 
have  tabulated  the  results  obtained  by  various  bacteriolognis  'vt* 
have  examined  pus  obtained  through  the  pre\'iou8ly  intact  tympiaic 
membrane.  In  tliirty-t^vo  cases  of  this  character  the  micxn&qpn^ 
most  frcHiuently  found  was  diplococcus  pneiuuonise  (ICeRJOMcai 
pnc'umoniie  croupos®  of  the  present  writer),  which,  wns  proaautii  > 
pure  culture  in  thirteen  and  aswjciated  -nnth  StaphylococctM  aonai 
in  one,  with  Staphylococcus  albus  in  one,  and  witli  StrepiooooeBl 
pyogenes  in  one.  In  the  other  sixteen  cases  the  pyogenic  oood 
present  in  all  but  two,  in  which  bjicilli  were  found — Bacilloa 
in  one,  a  non-liquefying  bacillus  in  one.  In  twenty-fleveo 
which  the  pus  was  withdra\vn  from  one  to  thirty  days  after 
tesis  or  spontaneous  rupture  of  the  membrane,  the  pyogeoio 
were  present  in  twenty  and  diplococcus  pneiunonixn  in  seven. 

In  acute  nasal  catarrh  Paulsen  found  Staphylo<.?occu« 
seven  cases  out  of  twenty-four  examined,  and  E.  Frfinlctfl  in  twoaatd 
four ;  but  it  must  be  remembered  that  Von  Besser  has  shown  tfaattiiii 
micrococcus  is  frequently  present  in  the  secretions  from  tlfea 
nasal  mucous  membrane,  and  we  have  experimental 
the  pus  organisms,  when  introduced  into  the  conjunctival   aae  d 
rabbits  (Widmark),  do  not  give  rise  to  catarrhal  inflammation.    C^ 
the  other  hand,  Widmark  found  that  when  ino(-ulated  into  the 
of  rabbits  an  intense  conjunctivitis  recruited,  together  with 
and  perforation  of  the  cornea  in  fifteen  per  cent  of  the  caaem.    1W 
same  author  in  his  bacteriological  reeearohea  obtained  the  pjnafcak 
staphylococci  from  the  circumtM^ribed  abaoeeaea  of  hlapbandaili^ 
wliile  in  inflammation  of  the  lacrymal  sao  Streptoooocna  pvamoi 
waa  usually  present. 

8hougolowicz,in  the  bacteriological  examination  of  tw«'n  l y  -sa  x .  -i-" « 
tchoma,  found  Stiiphylococcus  albus  in  twi*lve,  Staphyii «->«->>« 
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kureu8  in  nine.  St,aiiliyUx-t>ccus  citrous  in  three,  ami  Staphylocuccus 
3reu8  alhus  in  thrt'e.  These  piis  organisms  were  in  a  number  of 
the  cases  ai<s<xnated  with  other  well-kiiowm  sajii"nij>hytt's,  and  in  seven 
cases  a  sliort  bacillus  not  previously  descrilKHl  was  found.  That 
various  bacilli  are  found  in  the  conjunctival  sac  of  healthy  eyes 
and  in  diflFerent  forms  of  conjunctivitis  has  been  shown  by  Fiok. 
whose  re^sults  do  not  correspond  in  this  resj)ect  with  those  of  Gif- 
ford,  who  found  almost  exclusively  micrococci.  Whatever  may  be 
the  final  conclusion  as  to  the  role  of  the  pus  cocci  heretofore  de- 
scribed in  the  etiology  of  acute  or  chronic  conjunctivitis,  there  can  be 
no  doubt  of  the  p<}\ver  of  the  "  gon<K;<iccus  "  to  induce  a  virulent  in- 
flammation of  the  conjunctiva}  when  introduced  into  healthy  eyes. 


B.     MICROCOCCUS  aONORRHCE^ 

/S^HOnym.— Qonococcus  (Neisser). 

Discovered  by  Neis.ser  (187t>)  in  gonorrhtBcil  pus  and  described  by 
him  under  the  name  of  "  Gonococcus."  Cultivated  by  Bumm  (1885), 
and  infective  virulence  proved  by  inocula- 
tion into  man.  Constantly  present  in  viru- 
lent gonorrhceal  discharges,  for  the  most 
part  in  the  interior  of  the  pus  cells  or  at- 
tached to  the  surface  of  epithelial  cells. 

Morjtiiofntfi/. — Micrococci,  usuallj-  join- 
ed in  pairs  or  in  groups  of  four,  in  which 
the  elements  are  flattened  —  '  biscuit- 
shaped.  "  The  flattened  surfaces  face  each 
other  and  are  separated,  in  stained  pre- 
parations, by  an  unstainetl  interspace. 
The  diameter  of  an  associated  pair  of  cells 
varies  from  0.8  to  1.6  /<  in  the  long  dia- 
meter— average  about  1,"25  /i — and  from 
0.6  to  0.8  ^  in  the  line  of  the  interspace  of  goDococci -schematic.  (Bumm.) 
between  the  biscuit-shaped  elements,  which 

sometimes  present  a  Blight  concavity  of  the  flattened  surfaces.  Mul- 
tiplication occurs  alternately  in  two  planes,  and  as  a  result  of  this 
groups  of  four  are  frequently  observed.  But  diplococci  are  more 
numerous  and  are  considered  as  the  characteristic  mode  of  grouping. 
Single,  spheric^al.  undivided  cells  are  rarely  seen. 

It  must  be  rememliered  that  the  morphologj'  of  this  micrococcus 
as  above  de,>icribed  does  not  suffice  to  distitiguish  it.  for  Bumm  has 
shown  that  "  the  biscuit  form  is  not  at  all  specilie  for  the  gonococcus, 
but  is  shared  wnth  it  by  a  niuiiber  of  microorganisms,  which  consist 
of  two  hemispherical  elements  with  the  flattened  surfaces  facing  ejich 


Fio.  88.  —a,  groDocooci  from  a 
pure  culture,  x  about  1,000;  6,  Rono- 
ooocl  (n  pus  oellB  and  epithelial  o-ll 
from  cose  of  ^norrbueal  opblh.il- 
mia;  c.  form  and  mtxle  of  division 
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other  and  separated  by  a  cleft,  and  some  of  these  correspoiul  in  tWr 
morphol'jgj',  in  every  detail,  with  the  gonococcus." 

Stains  (iiiickly  with  the  basic  aniline  colors,  eepeciallj  iriA 
methyl  violet,  gentian  violet,  and  fuehsin ;  not  so  quickly  wiA 
methylene  blue,  which  is,  however,  one  of  the  most  satiiifa 
stiiiuing  agents  for  deuionstrating  its  presence  in  pui>. 
double-stained  preparations  may  be  made  trom  g^onorrboBal  pia^ 
spread  upon  a  cover  glass  and  "  fixetl,"  secunduta  artem,  by  tfanaH 
of  mothyleue  blue  and  eosin.  Does  not  stain  by  Grain's  metbod— 
i.e.,  the  cocci  are  decolorized,  after  having  been  stained  with  an  Mi- 
line  Color,  by  being  immersed  in  the  iodine  solution  emplcffada 
Gram's  methoil  of  Btaining.  But  this  character  cauiiut  be  depeoded 
upon  alone  for  establishing  the  diagnosis,  for  Bumrn  lias  shown  tlul 


ria.  8S.— "  QoDoooooiM  "  in  goi>orrii«akl  pun.   FromsphatomJcrogn^by  VtMkriaodr(iA( 
Xl.uoo. 

other  diplococci  are  occasionally  found  in  gonorrhoea!  pus  which  do 
not  stain  by  this  method.  It  serves  to  distingfuish  them,  however,  tram 
the  common  pus  cocci  heretofore  descrilxsd — Staphylococcus  aoreoi^ 
Staphylococcus  albus,  Staphylococcus  citreus — which  retain  thrir 
color  when  treated  in  the  same  way.  A  more  trustworthy  diagnoMie 
character  is  that  these  biscuit-shaped  diplococci  are  found  within  tl» 
pus  colls,  sometimes  one  or  two  pairs  only,  but  more  frequently  in 
considerable  numbers,  and  occasionally  iu  such  numbers  as  to  oois* 
pletoly  fill  the  cell.  No  similar  picture  is  presented  by  pus  from  nay 
other  source,  with  the  exception  of  that  from  a  form  of  "  puerperal 
cystitiB"  which  Bimtim  has  described.  But  in  this  rV  ''  '•  «»•« 
contained  in  the  pus  cells  were  to  be  distinguished  l>;-  t  tli«t 

they  retained  their  color  when  treated  by  Oram's  m»i  'wing 
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to  the  difficulty  of  cultivating  this  micrococcus,  and  the  importance, 
under  certain  circumstances,  of  not  making  a  mistake  in  its  diag- 
nosis, these  characters  are  of  exceptional  value. 

Biological  Characters. — Bunun  (l!S85)  first  succeeded  in  culti- 
vatiijg  the  "gonococcus"  u|X)n  human  blood  serum,  obtained  from 
the  i»lacenta  of  a  recentlj-  delivered  woman.  He  found  that  the  cul- 
tures thrive  best  in  a  moist  atmosphere  at  30'  to  34*^  C.  The  groAvth 
under  the  most  favorable  conditions  is  slow,  and  fretjuently  no  devel- 
opment occurs  when  pus  containing  nimierous  gonococci  is  placed 
upon  bkxxl  serum  in  an  incutMiting  oven;  or  after  a  slight  multi- 
plication development  ceases  and  the  cocci  undergo  degenerative 
changes  and  quickly  disappear, 

Cultures  u{>i>n  the  surface  of  blood  serum  form  a  very  thin,  often 
scarcely  \n3iblG  layer,  with  a  smooth,  moist,  sliiuing  Hurface,  and 
by  reflected  light  a  grayish-yellow  color.  The  growth  at  the  ond  of 
twenty-four  hoiirs  may  extend  for  a  distance  of  a  luillinietre  along 
the  line  of  inoculation,  but  at  the  end  of  two  or  three  djvys  no  fur- 
ther development  occurs  and  the  cocci  soon  lose  their  vitaUty.  This 
micrococcus,  then,  is  aerobic.  Whether  it  may  also  be  a  fjicultative 
anaerobic  has  not  been  definitely  determine<l,  but  it  does  n«.)t  grow 
along  the  hno  of  puncture  when  stick  cultures  ai-e  made  in  blood  se- 
rum. Its  rapid  and  abmidant  multiplication  in  gonorrhneal  infection 
of  mucous  membranes,  and  the  difficulties  attending  its  cultivation 
in  artificial  media,  show  that  the  gonococcus  is  a  utrici  parasite. 

Lestikow  and  Lotfler,  prior  to  the  publication  of  Bumm's  impor- 
tant monograph,  had  reported  successful  results  in  cultivating  the 
gonococcus  upon  a  mixture  of  bloud  serum  aud  gelatin.  Bockhart 
has  since  recommended  a  mixture  of  uutrient  agar  (two  parts),  lique- 
fied at  a  temperature  of  5U'  C,  with  bIo<^id  serum  (two  to  three  parts) 
at  20''  C.  By  quickly  mixing  with  this  a  little  pus  containing  the 
gonococcus  ho  was  able  to  obtain  colonies  upon  plate  cultures,  made 
bj'  pouring  the  liquid  medium  upon  sterile  glass  plates  in  the  usual 
manner. 

Ghon  and  Schlagenhaufer  in  1893  reported  that  they  obtained 
good  results  by  adding  pliospbate  of  soda  to  blooil-seruni  agar,  made 
acconling  to  the  method  of  Wertheim — one  part  of  human  blood 
serum  from  the  placenta  to  two  or  three  jiarts  of  imtrient  agar.  Also 
that  they  were  succf s-sful  in  cultivating  the  gonococcus  in  an  acid 
medium  made  by  adding  one  part  of  urine  to  two  of  nutrient  agar 
(two  per  cent).  Turro  (18iM)  has  since  published  the  results  of  his 
experiments  relating  to  the  cultivation  of  this  micrococcus  in  acid 
media.  According  to  him  it  grows  in  normal  uriue,  either  with  or 
witliout  the  addition  of  peptone  (one  per  cent);  also  in  acid  gelatin, 
prepared  in  the  usual  way  but  without  neutralization  (?), 
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Turro  also  claims  to  have  produced  specific  ureUiritis  in  dof^  ky 
inoculation  with  his  cultures.  Heiman  (1895)  as  a  reault  of  an  et^ 
tendetl  experimental  research,  arrives  at  the  conclusion  that  *tk» 
diplococcus  descrilxnl  by  Tiirro  in  connection  with  bis  acriil  media ii 
not  the  gonucaccus."  His  inoculation  experiments  in  doga,  nmit 
with  pure  cultures  of  the  gonococcus,  gave  an  entirely  negatJTe  nnlL 
For  the  cultivation  of  the  gonococcus,  Heiman  reoonunends  a  mediun 
made  from  "'chest  serum"  obtained  from  a  patient  suffering  wilfc 
hydrothorax  or  acute  pleurisy.  This  was  found  to  be  superior  |b 
placenta  serum,  tiheep-blood  serum,  or  peritoneum  serum,  becaoMflf 
the  great  amount  of  serum  albumin  which  it  contains.  Two  ftm 
cent  of  agar,  oue  per  cent  of  jieptone,  and  one-half  per  cent  of  aodioB 
chloride  were  atided  tu  the  chest  serum,  and  the  medium  wa 
b}'  "fractional  sterilization." 


Flo.  S7.— aonorrlwBol  ooDJunctlvttU,  neoond  day  of  atekoMB;  MctloD  Uu^ti^h  the  i 

brace  of  upper  eyeUd;  Invasiou  i>(  tUc  c[>itbeUul  layer  by  gonooooci.    (Bumm .  j 

Schrotter  and  Winkler  {18l>0)  report  their  success  in  cultivatiH 
the  g<ini)ciKM>us  uih)u  albumin  from  the  egg  of  the  pewit — *'  JCibttx," 
In  the  culture  oven  at  38"  C.  a  thin,  transparent,  whitish  lajer  ww 
alreatly  visible  at  the  end  of  six  hours  and  rapidly  extended  ;  tbt 
gro^vth  was  lens  abundant  at  the  end  of  three  days,  and  bti  -  It 

ceased  by  the  fifth  day.     Atu-miits  to  cultivate  the  sani-  r. 

ganism  in  albxmiin  from  hens'  eggs  gare  a  negative  rettult. 

Aufuso  (18!)1)  ha.s  cultivated  the  gont n-f k'cus  in   fluid    ..t,:.i 
from  the  knee  joint  in  a  ca.se  of  chronic  sjTiovitis,  but  failtt]  t,,  rul 
vate  it  in  the  fluid  of  ascites.     A  cidture  of  the  twelfth  goner 
made  upon  the  culture  medium  mentioned,  solidified  by  heat, 
intnxiuced  into  the  urethra  of  a  healthy  man  and  gave  riat'  in  « 
characteristic  atttick  of  gonorrhoea. 

Development  does  not  occ\ir  below  25°  or  above  Sft*  C. 
writer  has  shown  that  a  temperature  of  (30°  C.  maintaiuud  for 
minutes  destroys  the  infective  Aarulence  of  gonorrheal  pus. 

Pathogenesis. — That  the  gonococcus  is  the  cause  of  the 
infiammation  and  purulent  discharge  characteristic  of  gonoirluxa 
now  generally  admitted  upon  the  experimental  evidence  obtained  lit' 
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Bumm.  Having  succeeded  in  obtaining  it  in  pure  cultures  from 
gonorrhceal  pus,  he  made  successful  iiiocidations  in  the  liealtLy  ure- 
thra in  two  cases — once  with  a  third  culture  and  once  with  one 
which  had  been  transferred  through  twenty  successive  generations. 
In  both  caises  a  typical  gonorrhcea  developed  as  a  result  of  the  inocu- 
lation. 

The  mucous  menihraneB  in  man  which  are  subject  to  gonorrhceal 
infection  are  those  of  the  urethra,  the  conjunctiva,  the  cervix  uteri, 
and  the  vagina  in  children — the  vagina  in  adults  is  not  involved. 
Inoculations  of  gonorrhoea!  pus  into  tlie  vagina  or  conjunctival  sac  of 
the  lower  anim.al8 — dogs,  rabbits,  horses,  apes — are  without  result. 

The  very  numerous  researches  which  have  been  made  by  compe- 
tent bacteriologists  show  that  the  gonococcus  is  constantly  present  in 
gonorrha-al  discharges,  and  in  viaw  of  the  facts  alwjve  stated  its  etio- 
logical imjx>rt  appeiirs  to  be  fully  established.  Bumm  has  studied 
the  development  of  blennorrhoea  neunatonmi,  and  has  Bho>vTi  that 
soon  aft<?r  infecticjn  the  presence  of  g«:»noc<^)cci  may  be  demonstrated 
in  the  sujierticiHl  epithelial  cells  of  the  mucous  membrane  and  be- 
tween them  ;  that  thej'  soon  penetrate  to  tlie  deeper  layers,  and  that 
by  the  end  of  fortj'-eight  hours  the  entire  epithelial  layer  is  invaded 
by  the  diplococci,  which  penetrate  by  way  of  the  connecting  mate- 
rial— "  Kittsubstan-ce'' — between  the  cells.  They  also  multiply  in 
the  superficial  layers  of  connective  tissue  and  give  rise  to  an  inHam- 
matory  reaction,  which  is  shown  by  an  abundant  escape  of  leuco 
cytes  from  the  dihittni  cajiillary  network.  The  penetratioTi  of  the 
gonococci  to  the  deeper  layers  of  the  mucous  membrane  of  the  ure- 
thra, and  even  to  the  corpus  cavemoaum,  was  observed  by  Bfjckhart 
in  a  case  studieii  by  him  in  which  death  occurred  during  iin  acute 
attack  of  gonorrhcea.  But  Bumm  concludes  from  his  researches 
that  this  is  not  usual,  and  that  the  invasion  is  commonly  hmited  to 
the  superficial  layers  of  the  muct)us  membrane. 

Staphylococcus  pyogenes  aureus  is  not  infrequently  associated 
with  the  gonococcus  in  late  gonorrhoeal  discharges,  and  the  abscesses 
ivhich  occasionally  develop  as  a  complication  of  gonorrhoea,  in  the 
prostate,  the  inguinal  glands,  or  around  the  urethra,  aro  i)roba]}ly 
due  to  its  presence,  which  has  been  demonstrated  in  the  pus  from 
such  absces.ses  in  a  number  of  cases.  The  same  is  true  of  the  joint 
affections  and  endocarditis  which  sometimes  occur  in  tlie  course  of 
an  attack  of  gonorrhoea.  Although  some  authors  have  claimed  to 
find  the  gonococcus  in  these  8«.>-called  metastatic  gonorrhceal  inflam- 
mations, the  evidence  is  not  satisfactory,  and  it  seems  prcjbable  that 
the  Staphylococcus  aureus  is  the  usual  microorganism  concerned  in 
these  affections. 
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BACTERIA  IN  CROUPOUS  PNEUMONIA, 

The  following  account  uf  "  The  Etiology  of  Croupcma 
nia  "  is  from  a  paper  read  by  the  writer  at  the  annual  meetiiiK  o£  tfii 
Medical  Society  of  the  State  of  New  York,  at  Albany,  N.  Y.,  Vil^ 
ruary  6th,  1880  :  ( 

Acuto  pneumonia  is  now  ^nerally  regarded  by  the  leading  clinioJ  «•■ 
thorities  and  patholo^sts  in  tliis  country  and  in  Kuro}>e  as  a  apecifie  iidi^ 
tious  disease.  Green,  in  his  article  ou  "Intlamnialion  of  tbe  Lttngt"  ■ 
Quain's  "Dictionary  of  Medicine,"  says:  "It  is  maiiitaiued  by  Haa*^ 
servers  that,  like  the  specitic  fevers,  it  is  due  toafiitecitic  caiue.  futmmBti^ 
whilst  difFering  from  the.se  fevers  in  not  being  contagiuus.  i  einmblt  tbai 
in  the  typicjU  character  of  its  clinical  phenomena  and,  to  a  less  extant,  of  ife 
local  lesion.  The  clian^es  in  the  luncf  occurriit^  in  piieutuuuia  ouuiotb* 
induced  by  artificiiil  injury  of  the  orjpn,  and  it  must  therefore  be  i 
that  there  is  wmiething  8i>ecial  in  the  mflaniniatotv  ni>(i.»fwi»a." 

This  "sorapthing  special "  has  been  detnonj.1  rec*ut  rtt 

and  it  is  Ihe  object  of  the  present  paper  to  give  a  :  il  aL-c<iiiiit  i^tb*^ 

velopnientof  our  knowlMge  with  reference  to  this sjiecilic  i; 
and  of  the  experimental  evidence  upon  which  the  claim  is  fn- 
microorganism  referred  to  bears  an  etiological  relatiou  to  the 
question. 

Evidently,  if  pneumonia  is  a  specific  infectious  diaease,  the  mieriMCfie- 
ism  which  causes  it  is  widely  distributed,  and  the  derelopment  ot  mn  m 
depends  rather  upon  secondary  predisposing  and  exciting'  cauaee  thaa 
the  accidental  iutroductiuu  of  the  specific  agent. 

It  cannot  be  maintained  that  the  disease,  as  a  general  rulo.  is 
from  individual  to  individual — i.e..  by  persona)  contagion.     Clinieal 

rience  is  entii-ely  opfjos4»d  to  this  view,  although  we  have  ample 

that  it  mav  occur  as  an  epidemic  among  iiidiviauals  who  are  expo««d  to  fhm 
same  conditions  of  envirotiiment — as  in  jails,  barracks,  etc.  Thua  at  C%n»^ 
tiania,  Svvoilen,  an  epidemic  of  pneumonia  occurred  in  1847  in  thepnMie. 
during  which  sixty-nine  of  the  prisoners  were  attacked.  And  anin  m  18B 
and  1867,  during  a  period  of  six  montlia  (December,  1^66,  to  May,  1M7),« 
similar  epidemic  was  observed  in  the  same  prison — sixty-two  caae^  Otaiv 
pri.<«on  epidemics  recorded  are  those  at  Frankfort  in  1875  (aervaiy-flTe  smiM 
and  in  1876  (ninety -eight  cases);  at  Maringen  in  187S  («4^hty ■  thrM i 
and  in  1878  (Qfty-eight  cases) ;  at  the  prison  of  D'Ansbrrgr  in  IBBO  (o — 
dred  and  sixty-one  cases,  with  forty-six  deaths,  in  a  neriod  of  fire  l 

Again,  we  have  numerous  reconls  of  village  epiuemios  and  ct  < 
contin«^d  to  single  houses.     In  outbreaks  of  this  churacter,  as  in 
of  typhoid  fever,  of  cholera,  and  of  vellow  fever,  there  is  a  auc 
cases  occurring  at  different  intervals,  But  it  dtx's  nut  follow  that  t 
bear  any  dir^  relation  to  each  cttier.    Ou  the  contrary,  ererytkimrbi^ 
eates  that,  as  iu  the  diseases  mentioned,  in  the  prosence  of  tiia  tntadoai 
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ag«ut  comnuin  {ircdisposiii^  caus^  relating  to  the  environment,  acting  upon 
persous  Laving  vai'ious  degi-eos  of  resisting  power,  induce  attacks  at  various 
intervals  ;  or  it  may  he  that  in  the  presence  of  tlie  specitic  ciiuse  and  predis- 
posing influences  an  exciting  cause,  such  as  exposure  to  cold,  alcoholic  ex- 
cess, etc.,  is  the  immediate  factor  in  the  development  of  an  attack. 

Without  Btonping  to  discuss  further  the  facts  relating  to  the  epidemic 
prevalence  of  the  disease  under  considei*atiou,  I  ctiU  attention  to  the  well- 
establishfd  fact  that  pneumonia  prevails  over  a  wide  area  of  the  inhabited 
surface  of  the  earth,  and  that  by  far  the  larger  number  of  cases  occur  inde- 
pendently of  any  recognized  connection  witli  previous  cases,  and  often  uu- 
aer  ciri'unistancefi  in  wliich  such  connection  can  be  very  positively  excluded. 
And.  on  the  other  hand,  the  dii-ect  transinis.sion  of  the  disease  by  the  sick  to 
those  most  closely  associated  with  tliein,  as  nurses,  etc.,  if  it  occurs  at  all,  is 
evidently  a  rare  exception  to  the  general  rule. 

We  must  tlicn  conclude,  as  staled  at  the  outset,  that  if  pneumonia  is  a 
specific  infectious  di.s,ease  the  microorganism  which  causes  it  is  widely  dis- 
tributed. As  a  matter  of  fact,  the  pathogenic  inicrococcu.s  which,  from  the 
evidence  now  at  hand,  appeai-a  to  be  the  specilic  etiological  agent  in  acute 
pneumonia  has  been  found  in  the  buccal  secretions  of  healthy  individuals 
in  various  parts  of  the  world— in  America,  in  France,  in  Italy,  and  in  Ger- 
many, and  no  doubt  more  extended  i-esearches  will  show  that  it  is  extremely 
common. 

This  statement  may  appear  at  the  outset  to  make  the  view  that  tlie  micro- 
coccus in  question  is  the  cause  of  croupous  pneumonia  quite  unteuable. 
For^  it  may  be  asked,  how  is  it  that  the  individuals  who  have  this  microor- 
ganism in  their  buccal  secretions  escape  an  attack  of  pneuuioniu  ?  In  tlie 
present  state  of  our  knowledge  this  question  no  longer  presents  any  serious 
difficulties.  We  know,  forexample,  that  the  pus  organisms— Staphylococcus 
pyogenes  aureu.s,  albus,  and  cilreus — are  very  frequently  founu  in  the  buc- 
cal secretions  and  on  the  surface  of  the  body  of  lieatthy  individuals,  and 
that,  although  these  miorot-occi  are  recognized  as  the  cause  of  furuncles  and 
of  all  sorts  of  acute  ahsce.sses,  they  only  give  rise  to  the  formation  of  such 
abscessf!S  under  cert^iin  s])ecial  conditions  relating  to  the  general  health  of 
the  indivi<luul,  or  to  a  traumatism  by  which  their  intn7ductioti  to  vulnerable 
parts  is  effected.  A^aiti,  the  tetanus  bacillus  is  a  widely  distributed  micro- 
organism which  has  been  found  in  the  earth,  and  especially  in  rich  Kjuin,  iu 
Various  parts  of  the  globe.  But  the  hands  of  farmei-s  and  gardeners  are  con- 
stantly soiled  with  such  earth  without  their  coiitracling  leUiuus.  In  this 
instance  it  has  long  been  i-ccogntzed  that  a  traumatism  is  an  es.'sejitial  factor 
in  the  chain  of  events  which  leads  to  the  developuitnt  of  tctiiuus,  and  now 
we  believe,  on  sali.sfactoiy  experimental  evidence,  that  it  is  not  the  trauma- 
tism per  fie,  or  the  injury  to  tlie  nerves,  or  ex(Ktsure  to  cold,  which  in  certsiin 
cases  gives  rise  to  this  infectious  malady,  but  that  the  rei*ull  depends  upon 
the  introduction  of  a  speciiic  infectious  agent  at  the  time  the  wound  was  re- 
ceived or  subsequently — the  t«tanus  bacillus  of  Nicolaier. 

In  the  case  of  the  tubercle  bacillus,  also,  it  is  extremely  probable,  in  the 
liglit  of  our  i)resent  knowledge,  that  this  bacillus,  iu  a  living  coudition,  not 
infrequently  finds  a  lodgment  in  the  mouth,  upon  the  Schiieiderian  rnucous 
niembi-aue,  or  in  the  larger  bronchial  tuJ>es  of  most  individuals  who  live  in 
populous  communities.  Hero  also  the  infectious  agent  is  only  O'lo  factor, 
altiiough  an  essentiiil  one,  in  the  production  of  the  infectious  disease.  It 
must  be  introduce<l  to  the  vulnerable  lociUion,  and  must  find  a  favorable 
nidus  ill  the  tissues  invaded.  We  have  good  ruasmi  to  believe  that  in  this, 
as  well  as  in  other  infectious  discji-ses,  there  are  wide  differences,  inhe- 
rited or  acquired,  in  the  su.sceptibility  of  the  tissues  to  invasion  when  the 
infectious  agent  has  been  introduced  to  a  favorable  location, 

In  a  paper  read  before  tlie  Pathological  Society  of  Philadelphia  in  April, 
1885,  in  discussing  the  relation  of  my  Micrococcus  Pasteuri  to  croupous 
pneumonia,  I  say;  "It  seem.s  extremely  probable  that  this  ^nic^«coccu^^  is 
ctjncemed  in  the  etiology  of  croupous  pneumonia,  and  that  the  infectious 
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tiature  of  this  disease  is  due  to  its  presence  in  the  fibrinous  exudate  it 
[•ulmonary  alveoli. 

"Bill  thin  cannot  be  considered  as  deftaitely  established  by  tb«  t:xfm- 
tneiiU  whicl.  have  thus  far  been  made  u}k>u  the  lower  animals.  Tbeeoo- 
stant'  presence  of  this  micrococcus  in  the  buccal  secretions  of  bemllLjfm- 
sous  indi««te«  that  some  other  factor  i-s  required  for  tli«  development  «■  u 
littack  of  pneumonia;  and  it  seems  probable  that  tiiis  other  factor  actshrK- 
Uucing  the  vital  resisting  ix>\ver  of  the  pulnionarv  tissuets,  and  thua  ■■— ■■■i| 
them  vulncruble  to  the  attacks  of  the  microbe.  Tiiis  supposition  eoaUai  • 
to  accuuDb  for  the  <level(»piiient  of  the  numerous  caises  of  pneumonia  vioiA 
cannot  be  traced  to  infection  from  without.  The  ff^riu  oein^  alw^jrs  p^ 
sent,  auto-iufection  is  liable  to  occur  when,  from  alcoholiam,  aeawfi* 
poisoning,  <rrowd  [x>isoning,  or  an^  other  depressing  Ageixcj,  the  vitality  at 
the  tis8ue.s  is  reduced  below  the  resisting  point.  We  may  supiMi~e  alao^  tiba 
a  reflex  vasomotor  paralysis,  affecting  a  single  lobe  of  the  -  eOB- 

ple,  and  induced  by  exposure  to  cold,  may  so  reduce  the  re>  .,^     i««r  if 

the  pulmonary  tissue  as  to  permit  this  micrococcus  to  produce  itaoLaiactB^ 
ialic  effects. 

"Again,  we  may  suppose  that  a  person  whose  vital  reaiatin^  poww  ii 
reduced  by  any  of  the  cau.scs  mentioned  may  be  attacked  by  pTfTr^** 
from  external  infection  with  material  containing  a  pathogenic  TariMjaf 
thi.s  micrococcus  having  a  potency,  permanent  or  acquiretl.  g^reater  thao  that 
posse-sscd  by  the  same  organism  in  normal  buccal  secretiuns." 

This  is  the  theory  by  which  I  have  attempted  to  explain  the  etiologkai 
role  of  this  taicl'<x^txx;us  in  crou|x>us  pneumonia.  Let  us  no^r  couklar  lia 
principal  fai>ts  which  have  led  to  a  belief  in  it^  causal  relatiou  to  thi« 

Friedliinder,  in  1882,  observed,  in  eight  fatal  cases  of  pneumonia  ia 
he  ma^le  autopsies,  inicroorganism.s,  having  au  oval  form,  in  tiie  exudate  ill* 
the  pulmonary  alveoli ;  tliey  were  in  jmirs  or  in  short  chaina.  WithcMM  •!' 
tirming  that  this  microorgaui.sm  is  the  cause  of  pneuniouia,  FriedUailv 
seems  to  have  cx>nsidered  it  extremely  probable  that  it  bore  au  etkilogia]  i» 
lution  to  this  disease. 

During  the  same  year  Lcyden  and  Gunther  announced  at  m  mwinc  ^ 
the  Medical  Society  of  Berlin  (November  20lh.  1882)  that  thoy  had  facndlk 
same  micrococcus  m  the  flbrinou.s  exudate  of  pneumonia,  obtaioed  thivq^ 
the  thoracic  walls  by  means  of  a  Pravaz  syringe.  At  the  same  tiiiM  Ovalkr 
stated  that  the  elliptical  cocci,  in  specimens  stained  with  j;«ntiaa  iiiil«t,iiw 
surrounded  with  a  colorless  capsule. 

The  following  vear  Matruy  published  his  observations.  In  oijctaea  cum 
he  had  found  an  elongated  coccus  in  the  fibrinous  exudate  of  pDetuiioaiaiaa4 
always  having  a  very  transparent  capsule.  He  had  also  wiKinimTwiJ  tin 
same  micnxirganiHin  in  the  sputa  of  patients  with  other  diaeaaea,  bat  aoi  ■• 
abuiRhmtly  as  in  pneumonia. 

On  November  19th,  188,'},  FriedUinder  communicated  to  the 

ety  of  Berlin  the  results  of  his  culture  and  inoculiition  ex|MM 

"  pneunitx"occus  "  was  characterized  by  the  pr«'aetife  of  a  oapaula  wl 

he  says,  "alvvavs  takes  the  form  of  the  microorganism;  if  tuia  ta  raoad 
capsule  is  round;  if  it  is  elliptical  the  capsule  is  an  ellipis*;.*'  Thia 
however,  was  only  found  in  preparations  made  from  the  blood  of  a 
lated  animal  or  from  the  fibrinous  exudate  into  tlie alveoli;  in  cultu^  A 
was  no  longer  seen.  The  cultures  in  flesh-peptone  geliiUn  preatvmUM)  a  aaiit- 
shaped  growth  which  was  Ixtlieved  to  be  chanu>terisiic.  Growth  wm  Oi^ 
in  a  variety  of  culture  media  at  the  ordinary  room  tcinperatui«  (V  te 
75*  F. ),  and  in  a  gelatin  culture  medium  no  liquefaction  ocrurmd. 

The  following  results  were  obtained  by  Friedlauder  in  li      ;  '<f«ia> 

'periiuents:     In  one  series  of  experiments  the  "pneuino*  1  wMk 

aislilled  water,  were  injected  through  the  thoracic  wuUb  muj  me  taact. 

Nine  rabbits  inoculated  in  this  way  gave  an  entirely  negative  ra^il^^^. 


'  I  *huuld  have  Mid  frc(]uent  fostetwl  of  "  coDstanI 


BACTERIA  IN  CROUPOUS  PNEUMONIA. 


303 


I 


t  of  eleven  guinea-pi^  are  said  to  have  succumbeil  and  txi  have,  presented 
the  lesious  of  pneuraoma.  All  of  the  mice  irijeuLed  died  within  twerit,v-four 
hours,  aud  at  the  autopsy  the  luugs  were  fttuiid  to  be  conffesled  aud  io  pre- 
seut  foci  of  red  hepatizatioD.  lu  a  secoud  series  of  experiuieuts  upon  mice 
they  were  made  to  inhale  a  spray  coutaiuing'  the  pneumococci  in  suspension. 
Several  of  these  animals  died  and  are  said  to  have  presented  a  typical  pneu- 
monia. The  "pneumococjcus,"  surroiuded  by  its  characteristic  capsule,  wua 
found  in  the  luugs,  the  spleen,  the  blood,  and  tlie  liquid  contained  iu  the 
pleural  cavity. 

Uijon  tliisevidi^nce  Priedlunder's  "pneumococcus,"  which  is  nowTisually 
described  as  a  bacillus,  wsis  very  generally  accepted  as  the  specific  cause  of 
fibrinous  pneumonia,  and  cultures  were  distributed  throug'hout  the  labora- 
tories of  Europe  he;irin»  the  label.  "  Pneuiuococcus  of  Friedliiiider."  For 
some  time  after  the  publication  of  FriedliUider's  paper  alt  observations  made 
with  reference  to  the  presence  of  oval  cocci  or  of  encap.sulat-ed  cocci  in  the 
fibrinous  exudate  of  pneumonia  were  supposed  to  conKrni  his  discovery. 
But  now  we  know  that  there  is  another  oval  c<iccus  which  is  far  more  fre- 
quently present  in  the  exudate  of  at-ute  pneumonia,  which  also  presents  the 
appeai'itnce  of  being  surrouudt^d  by  a  trun^-parent  cJi|>sule — less  pivmrHincetl, 
however,  than  that  of  Fried liinder's  bacillus— but  wliich  is  entirely  distinct 
from  that  of  Friedliinder  and  is  probably  the  true  pneumococcus.  I  shall 
give  the  distinctive  charactt^rs  of  this  microorganism  later. 

At  the  same  time  that  Friedliinder  was  pursuing  his  researches  in  Berlin, 
Talamon,  a  French  physician,  wjts  engaged  in  siuular  researches  in  the  lal>- 
oratory  of  tiie  Hotel-liieu.  His  results  were  com  mini  ica  ted  to  the  Anato- 
laical  Society  of  Paris  on  November  30tli,  18S3.  a  few  days  after  FriedJiin- 
der's  communication  to  the  Medical  Society  of  Berlin  (Germain  S^e). 

"Talamon  did  not  dewjri bo  his  microbe  as  having-  a  capsule;  according 
to  him,  the  pneumonia-coccus  is  charactcjrized  by  its  form.  When  seen  in 
the  fibrinous  exudate  the  microl>e  has  an  elliptical  form,  like  a  grain  of 
wlieat.  Cultivated  in  a  liquid  medium — an  alkaline  s<jlutiou  of  extract  of 
beef^itiselongiilcd  and  atlennattd,  and  presents  the app«»ai*ance of  a  jf rain  of 
barley.  On  account  of  this  apjvearance  Talamon  has  i>rot>i>.sed  to  call  it  the 
lanceolate  cocciut.  This  organism  is  encountered  in  the  pneunioiiic  exudate 
obtained  after  death,  or  drawn  during  life  by  means  of  a  Pravaz  syringe 
from  the  hepatized  portions  of  the  lung.  Once  only,  out  of  twenty-five 
cases,  it  was  fotiiul  in  the  blood  of  a  patiorit  at  the  moment  of  death." 

Talaniou's  inoculation  experiment.^  in  dogs  and  cuineapigs  gave  a  nega- 
tive result,  but  out  of  twenty  rabbits  injected  through  the  walls  of  the 
thorax  into  the  lungs  eight  snowed  the  characteristic  lesiou-s  of  librinous 
pneumonia.  Prof.  See  says,  with  reference  to  the  evidence  in  the  case  of 
these  rabbits  as  compared  with  that  obtained  by  Friedliinder  in  his  mice: 
"  The  rather  brief  description  of  the  lesions  obtained  by  Friedliinder  in  the 
mice  intjculated  by  him  leaves  some  doubt  in  the  mind;  for  the  presence  of 
foci  (noyatuc)  of  indui-ation  iu  con<rested  lungs  is  not  sufficient  to  character- 
ize fibrirmus  pneumonia.  But  the  lungs  of  the  rabbits  presented  by  Tala- 
mon to  the  Anatomical  S<x-iely  in  support  of  his  communication  leave  no 
room  for  discussion.  As  ha  obsorv^ed,  it  was  not  at  all  a  quastion  of  foci  of 
congestion,  or  of  broncho-pneumonia,  such  a-s  one  observes  luibitually  in 
rabbits  which  die  of  septicaemia,  but  a  veritable  lobar  fibrinous  pneumonia 
with  pleurisy  and  pericarditis  of  the  same  nature.  The  naked-eye  examina- 
tion, as  well  as  the  microscope,  showed  no  ditference  in  the  lesious  pi-od need 
in  the  rabbit  and  the  pneumonia  of  man." 

Un  another  page  Prof.  See  says  :  "  Afanassiew  repeated  in  the  laboi-atory 
of  Prof.  Cornil  the  experiments  of  Friedliinder  and  of  Talamon  ;  by  the  cuf- 
tore  in  peptonized  gelatin  of  the  pneumonic  exudate  taken  from  the  cadaver 
he  obtamed  two  species  of  organi.sms,  round  micrococci  of  large  and  small 
dimensions,  aud  oval  cocci  which  corres|)onded  to  the  microbes  described  by 
the  two  authoi-s"  (Friedliinder  and  Talamon)  "whose  irsoarches  we  have 
juat  reviewed."    This  quutatiou  indicates  tliat  Prof,  See  did  not  question  the 
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identity  of  the  oval  or  ' '  lanceolate  "  coccus  found  by  Talamon  m  . 
exudate,  and  which  in  his  experiments  produced  typical  pneuiuuniii  in  t^ 
bits,  and  the  so  called  "  pneumococcus  "  of  Friedlaiider,  which,  Msooriac 
tc^  his  account,  gave  a  negutire  result  when  injected  into  rabbits,  ooi  OUM 
pneumunia  in  mice  when  injected  directly  into  the  lungs.  Pltif.8faMt 
not  alone  in  making  this  inference,  which  has  turned  out  to  be  a 
one.  The  identity  of  the  oval  cocci,  which  had  novr  been  seen  intlM! 
monary  exudate  by  numerous  observers,  with  the  microorganiaai 
Friedlander  had  isi>lated  aud  cultivated  from  nmtf  rial  obtained  post 
from  hepatized  lungs,  was  is^iier.illy  admitted;  and  all  of  the  obK 
relating'  to  the  presence  of  oval  cocci,  having  a  n>ore  or  less  distinct 
in  the  exudate  of  fibrinous  pneumonia,  were  sup|)osed  to  give  support 
allegwl  discovery  of  Friedlander.  Now  we  know  that  the  oval  coocts* 
frequently  found  in  such  material  is  not  tliat  of  Friodlauaer.  but  thai 
identicjil  with  a  coccus  first  observed  by  the  writer  in  September, 
the  blood  of  rabbits  injected  with  his  own  saUva  and  Bubaequeallj  (1 
named  by  him  Micnx^occus  Pasteuri. 

This  was,  without  doubt,  the  coccus  which  produced  pneumcmia  in.lUb' 
mon's  experiments  upon  rabbits;  and  we  must  gi^'e  him  Uie  credit  of  bsrim 
first  tixi>ei'iment.'illy  aemonstnitx?d  the  fact  that  fibrinous  piicuoiuaia  nmf  ki 
inducea  by  the  inti-oduction  of  this  microorganisui  into  Uie  p&renchjsnaW 
the  lun^  in  these  animals. 

Salvioli,  whose  experiments  were  also  made  in  1884.  liad  autuf«^ 
fatal  result  f  rtnn  the  injection  of  pneumonic  sputtim  into  rabbits  (focui 
also  observed  the  oval  coccus  in  the  material  injected,  and  in  the 
the  animals  which  succumbed  to  his  injections,  but  did  not  rwviKiins  tk> 
identity  of  this  coccus  with  that  which  my  own  experiuieuta  and  tboaW 
Pasteur,  Vulpian,  atul  others  had  shown  to  be  present  in  normal  bmMS 
saliva  and  to  induce  a  fatal  form  of  septicaemia  in  rabbits.  On  tbs 
hand,  he  also  apfK-ars  to  have  taken  it  for  g^vnted  that  the  oval  ^ 
encountered  by  him,  and  which,  under  certain  circunistancm, 
rounded  by  a  tmnsparent  capsule,  was  the  "  pneumococcus  "  of  ~" 
Kli^in  aptietirs  to  have  made  the  same  mistaken  infen^nce.  This  k  ihaVB 
by  the  following  quotation  from  his  paper  publialieid  in  1SS5: 

"  la  seeking  to  ascertain  what  might  be  the  relation  bet\re«nthsH>4alW 
pneumnoocci  aud  cr<ju|>ous  pneumonia,  I  have  made  extfiuiive  exan'  ' 
of  the  lungs  and  blood  of  {>ers(jns  dciid  of  the  disease,  and  ali«o  of  tbe 
of  living  uatiente  at  various  stikges  of  their  illness.  ...  In  aome  of 
vesicles,  tliough  few  and  far  between,  there  were  present  nndoubtodlT  l^ 
capsulatmi  Cited  spoken  of  by  Friedlander  and  otliers  as  pnetunoeoceL*  .  -  - 
As  regiird.s  the  living  patients,  if  we  examine  tvpical  sputum  of  crosj 
pneumonia  we  find,  besides  numerous  red  biooa  discs  and  nvltite  bl«od 
puscles,  also  a  few  epithelial  cells,  and  in  the  general  gelatinous  IM- 
numbers  of  microorganisms,  chiefly  belonging  to  the  species  nticrocoecL  .  -  - 

"These  are,  as  far  as  size  and  arrangement  go.  or  two  princinal  tJHK 
(a)  Oval  micrococci  about  0.001  millimetre  in  length,  occumng  isofaM^  Wl 
more  commonly  as  dumbbells  and  slightly  curveil  chains  of  four.  atx.  lal 
even  eight  elements.  .  .  .  But  in  all  these  microctx'ci  the  elemsalsaisA^ 
tinctly  surrounded  by  a  hyaline  zone  which,  in  stained  preparatioa^  caa  Is 
mt«de  out  as  an  unstained  hulo,  though  in  some  stained  rprriuiw  il  s»- 
sumes  a  tint  that  is  fainter  than  that  of  the  micrococcus  itsolf;  this  ean^ 
sponds  to  the  capsule  of  Frie<lliinder,  and  for  this  reason  he  callsd  t^ia 
capsule  micrococci." 

In  a  footnote  to  tlie  paper  from  which  I  have  quoted  Klein  aa^rt: 

"  While  this  t>aper  is  leasing  through  the  press  I  receive  from  Dr.  fWi 
berg,  of  Baltimore,  a  paper  in  which  he  conclusively  prrivcs  that'tlMi» 
crooocci  of  human  saliva,  which  produce  in  some  instances  ai 
inoculation  into  rabbits,  are  identical  with  the  pneumocooci  of 
Salvioli,  and  others." 

My  own  experiments  with  pneumonic  sputum  vrare  made  in 
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!,  and  led  me  to  the  identification  of  the  oval  coccus  found  in  this  ma- 
terial with  the  coccus  found  in  my  own  saliva  (by  inoculations  into  rabbits) 
in  fcJepteinber,  1880,  and  subsequently  studied  by  me  in  an  extended  aeries 
of  experiraenta  made  during  the  following  years.  18,S0-84. 

But,  at  the  same  time,  I  fell  into  the  error  of  iufei-ence,  previously  made 
by  Prof.  See.  by  Sid\-ioli,  and  others,  and  assumed  that  the  "pneumo- 
ooccus"  which  Friedliinder  had  obtained  from  the  same  source  was  tliesame, 
although  I  found  it  dilKcult  t«>  reconcile  the  experimental  data,  inasmuch 
as  he  had  obtainet!  uniformly  negTitive  results  in  his  inoculations  into 
rabbits.  To  explain  this  discrepancy  I  suggested  that  Friedlander's  pneu- 
moc<iccus  was  probably  a  variety  having  a  different  degree  of  pathogenic 
power. 

This  supposition  seemed  to  find  support  in  the  fact,  which  I  hiui  previ- 
ously observed,  that  uiy  Micrococcus  Pasteuri  became  attenuated,  as  to  its 
pathogenic  power,  when  the  cultures  were  kept  for  some  time;  and  that 
there  seemed,  from  the  experimental  evidence  before  me,  to  be  different 
pathogenic  varieties  in  the  buccal  secretions  of  different  individuals.  At 
tliis  time  I  had  not  seen  a  culture  of  Fried  lander's  ttacillus.  Later,  in  the 
autumn  of  1885,  when  I  made  its  acquaintance  in  Dr.  Koch's  laboratory,  I 
recognized  my  mistake  and  hastened  to  correct  the  error.' 

For  a  detailed  account  of  my  experiments  with  pneumonic  exudate  I 
must  refer  to  my  paper  published  in  the  "  Tmn.sactions  of  the  Pathological 
Society  of  Philadelphia  (vol.  xii.)  and  in  the  American  Journal  of  the 
Medical  Scit^nce^  (July,  1S85). 

With  reference  to  my  c<jnclusion  that  the  oval  coccus  of  Talamon  and 
of  Ssilvioli  was  identicid  with  my  Mtcrocfjccus  Pasteuri,  I  may  say  that 
this  conclu.sion  has  been  sustaiued  by  the  subsequent  investigations  of 
Friinkel,  Weich.selbaura,  Bonloni-Uffreduzzi,  Netter,  CJameloia.  and  others. 

Frjinkel's  first  paper  relating  to  the  presence  of  this  microorgsiuism  in 
pneumonic  exudate  was  iniblished  in  IHSB. 

Having  ascert-iined  that  hia  own  saliva  contained  tlits  oval  micrococcus. 
he  was  induced  to  make  an  extended  and  interesting  series  of  expeiiments 
which  led  him  to  the  couolusiou  that  this  micrnorganism  is  far  more  con- 
stantly present  in  the  exudate  of  fibrinous  pneumonia  than  is  the  so-called 
"pneumococcus"  of  Friedliinder,     He  says; 

*'  Finally,  as  regartls  the  relative  frequency  of  the  two  hithei-to  investi- 

Eted  micnxirganisms  in  cases  of  pneumonia,  no  positive  statement  can  yet 
made.  Nevertheless  I  am  inclined  to  regard  the  lancet-shapt-d  pneu- 
naoeoccus,  which  is  identical  with  the  microbe  of  sputum  septic;einia,  as  the 
more  frequent,  and  the  usual  infpctious  agent  of  pneumonia,  on  the  ground 
that  this  organism  is  so  much  more  frequently  found  in  the  sputum  oi  pneu- 
monic patients  than  in  that  of  healthy  individuals.  This  conclusion  is 
further  supported  by  tlie  fact  that  it  has  not  Iiitherto  been  pos.sibIe  to  isolate, 
directly  from  the  rusty  sputum,  Friedliinder's  bacillus.'' 

The  extended  re.seiirehesof  Weichsetb.aum,  publtsliod  in  1B8B,  give  strong 
support  to  the  view  that  this  coccus  is  the  usual  infectious  agent  in  croupous 
pneumonia.  He  examined,  in  all,  the  exudate  in  one  hundred  and  twenty- 
nine  cases  of  pneumonia. 

In  ninety-tour  of  these  cases  the  micrococcus  in  question,  called  by 
Weichseibaum  "diplococcuspueumonifB,"  was  obtained  i  fifty-four  times  in 
cultures);  in  twentv-one  ciises  lie  obtjiined  a  streptococcus,  and  in  nine  only 
■was  the  bacillus  of  Friedliinder  encountered. 

Wolf,  whose  studies  were  made  in  Wetchselbaum's  laboratory,  reported 
the  result  of  his  researches  in  1S:h7,  He  found  the  "diplococcus  pneumoniae ■" 
in  sixty-six  out  of  seventy  cases  of  croupous  pneumonia  examined,  and  the 
"pneumococcus  of  Friedliinder"  in  three  cases, 

Netter,  whose  paper  was  published  in  November,  1887,  found  Micrococcus 
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Pasteuri  in  seventy-five  per  cent  of  his  cases  of  pneumonia,  i 
of  convalescents  from  this  disease  its  presence  was  verili^  in  sixty  ftr< 
of  the  caxes  by  inoculation  experiments  in  rabbits.       £[e  makes  lh«  latv 
in?  observation  that  the  sputum  of  recent  convalescents  is  lea  rirttlMlfct 
rabbits  than  that  collected  at  a  later  period. 

Gameleia,  who  ban  recently  published  in  the  Annalett  of  th*  rutrg 
Institute  an  inipurtaut  paper  upou  the  etiology  of  fibrinoiis  pneutnociik.  f«n* 
fied  the  presence  of  Mici-ucoccus  Pasteuri  in  twelve  fatal  cases  in  whitft  hi 
collected  material  postmortem.  He  states  that  in  a  series  of  fortj  rat- 
sec  uti\'e  cases  Dr.  Goldenberg,  whose  experiments  were  made  in  hislabonriuiT. 
found  this  micrococcus  iueverjr  case  by  inoculation  experintt'iitsiarilikitoor 
in  mice.  According  loGameleia,  inoculations  in  mice  are  ni>>re  reliabla  tkai 
those  made  in  rabbits,  a.s  the  mouse  is  the  more  susceptible  aninrtal.  Hanfr 
"The  author.  Weichsetbauni,  who  has  made  the  most  extended  nrnmA 
upon  the  etiology  of  ptieumonia,  use<l  in  his  researches  the  method  of  cakh 
vatiou  upon  gcfatin.  We  must  adopt  the  opinion  of  BaunaKarten,  wbodoa 
not  accord  any  decided  vakie  to  the  negative  results  of  Weichselbwim  wilt 
reTerence  to  the  constant  presence  of  Streptococcus  PasteurL  N«ttet,  vte 
adopted  the  nielliod  of  inoculating-  the  pneumonic  sputum  into  rabhilitMi 
who  only  found  the  microbe  of  Pa-stcur  in  seventy-five  per  centof  haieMi^ 
was  wronsT,  in  our  opinion,  in  inakini^  use  of  an  anims^  which  istaovaii^ 
ant  to  deterii line  the  presence  of  sniiill  quantities  of  virus.  This  ooadflBil 
confirmed  by  the  fart  that  Netter  rendered  some  rabbits  ref rsctofT  tv lii 
inoculations  with  luutei-ial  in  which  he  had  not  found  th*  tfOtt 
microbe. 

"  En  r^mirni,  taking  our  stand  upon  the  positive  results  ^vhich  ve  )»i* 
always  obtained,  as  wi-fl  as  upon  the  superiority  of  the  method  of 


(inoculations  in  mice)  which  we  have  adopted,  we  belicTe  ooradni  9t 
thonged  to  conclude  that  fibrinous  pneumonia  is  always  dependent  IpM 
the  micnibe  of  Piuiteur." 

Frunfcel.  Weichselbaum,  and  other  recent  authors,   while 

that  Micrococcus  Pasteuri  is  the  mi>st  frequent  etiolofi^cal  a^ot  ia  ths 
ductioTi  of  pneumonia,  have  been  di.six>seu  to  admit  that  in  a  cerlaia 
tion  of  the  cases  the  bacillus  of  FriedliLnder,  and  possibly  other  mie> 
isms,  may  l)ear  the  saTiie  relation  to  tlio  pneumonic  process,     nnimlfa,  • 
the  other  hand,  believes  that  the  bai'illus  of  Frie<ilaiider  is  a  stni 
phyte,  the  occasional  presence  of  which  in  pneumonic  exudate 
etiological  import.     He  remarks  as  follows: 

^'  We  may  be  brief  as  regards  the  second  objection  made  ^gntwt  tlM 
logical  unity  of  fibrinous  pneumonia,  viz.,  with  reference  to  tbeslUyi 
rights  uf  the  micnibe  of  Friedtiinder.  This  microbe  is  found  in  nornl 
va,  it  is  a  true  sapn)piiyte.  and  may  at  times  invade  the  disQaMdwdad 
lung.  Weichselbaum  only  found  it  in  seven  percent  of  his  caM^  sa'  i^ 
most  always  assocuated  with  other  microl>es,  for  he  only  encoontsridlll** 
ia  three  cases.  As  to  the  i-esejirches  of  the  authors  who  preoedsd  VMhU 
it  is  sure  that  the  microbe  which  they  often  found  in  aeotioas  6t  HA 
lungs,  and  which  they  calknl  the  luicrobe  of  Friedliinder.  was  in  fiM!ltkia» 
crobeof  Pasteur,  since  it  wstA  colored  bv  the  method  uf  Gram,  whiek  Am*' 
orizos  the  bacillus  uf  Friedliinder.  Many  of  the  positive  naalla  tkca 
which  have  been  rejwrted  relative  to  the  last-mentioned  m\ 
ought  to  be  put  to  the  account  of  the  other' 

This  opinion  the  present  writer  has  entertained  since  his 
in  1HH5. 

The  experimental  evidence  offered  by  Gamel^ia  in  faror  of  the 
cal  role  of  this  micrococcus  is  most  important. 

It  will  be   remembered  that  Talamon   produced   typical     

eight  rabbits,  in  1883,  by  inoculating  them  through  the  thuraeio  vaOi 
pneumonic  exudate.     Gameleia  says: 

"  The  number  of  my  rabbits  iu  which  pneumonia  was  induoad  b 
two  hundred." 
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The  writer  found  in  his  CTperiments,  made  in  1881,  that  in  making  a 
Mnea  of  iu<:)Culations  in  rabbits  the  virus  ijit-reiuied  in  viruh^nc«,  and  tliat, 
on  the  other  hand,  the  micrococcus  lost  its  virulence  when  the  cultures 
were  kept  for  some  time.  This  fact  has  bef>n  verified  by  the  subsequent  re- 
searches of  Friinkel  and  of  Gameleia,  The  last-named  author  has  shown  that 
to  induce  pneumouia  in  very  susceptible  animal.9.  like  the  rabbit,  an  attenu- 
ated variety  of  the  microbe  should  be  injecte<l,  for  the  most  vij-ulent  cul- 
tures quickly  cause  death  by  septiciemia.  As  he  expresses  it:  "Animals 
which  are  too  susceptible,  like  the  rabbit  and  the  mouse,  do  not  have  pneu- 
monia, because  they  do  not  otfer  a  hxvil  reaction ;  the  virus  is  generalized  in 
their  bodies  and  they  die  of  an  acute  sr-pticirTr.ia  " 

On  the  other  hand,  Gameleia  has  shown  that  ''animals  which  are  but 
little  susceptible  to  tlie  pneumonic  virus  offer  a  local  resistance  which  gives 
rise  to  very  pronouncea  reactionary  phenomena  (extended  iibrino-granular 
cedema),  and consecjuently  they  present,  asaresult  of  intrapulmonary  infec- 
tion, a  typical  fibnnous  pneumonia.  Such  animals  are  the  dog"  and  the> 
sheep." 

In  his  experiments  upon  these  animals  Qameleia  obtained  the  following- 
results: 

The  sheep  was  found  to  survive  sub<:utaneous  inocuhitions,  unless  very 
large  doses  (five  cubic  centimetres)  of  the  most  potent  virus  were  ad- 
ministered. But  intrapiilmonary  iuciculation  was  always  followed  by  typi- 
cal fibrinous  pneumonia,  which  in  the  majoritv  of  eases  proved  fatal. 

The  microbe  wsis  rarely  found  in  the  bloocl,  and  successive  inoculations 
from  one  sheep  to  another  were  not  successful.  Death  occurred,  after  an 
intrapulmonary  inoculation,  on  tlie  third,  fourth,  or  fifth  day.  The  pneu 
monia  produced  was  lobar,  and  was  attended  with  an  extensive  fibrmou* 
exudation  in  which  the  coccus  was  found  in  great  abundance.  In  all,  fifty 
sheep  were  experimented  upon. 

The  writer  found  in  his  experiments,  made  in  1881,  that  the  doff  resists 
inoculations  with  this  coccus.  Gameleia  also  obtained  ne^tive  results  when 
moderate  dose.s  wore  injected  beneath  the  skin,  but  slates  tliat  "  intrathoracic 
infection  alwavs causes  a  fi-unk,  fibrinous  pneumonia  wliich  is  rarely  fatal; 
recovery  usualTy  occurs  in  fi-om  ten  to  fifteen  days,  after  the  animal  has 
passed  thwug-h  all  the  .stag'e.s  of  red  and  gray  hepatization  which  character- 
izes this  affection  in  man."    Twelve  dogs  were  experimented  upon. 

This  micr<K;occus,  then,  which  in  very  susceptible  animals  (nxouse,  rabbit) 
invades  the  blood  and  quickly  causes  death  ay  septicremia,  when  injected 
through  the  thonicic  walls  in  less  susceptible  animals  (dog,  sheep),  or  in  an 
attenuated  form  in  the  rabbit,  gives  rise  to  the  local  lesions  which  character- 
ize fibrinous  pneumonia. 

Man  comes  in  the  category  of  slightly  susceptible  animals,  as  is  shown 
by  the  coTnp.amtively  small  mortality  fnjm  pueumouia.  an<l  the  fact  that  the 
micrococcus  found  in  the  exudate  into  thepulmonarvalveoli  does  not  invade 
the  blood,  unless  in  rare  instances.  We  maj' therefore  agree  with  G-ameleia 
in  the  following  statement: 

'"It  is  clear  that  the  results  obtained  in  the  dog  and  the  sheep,  animals 
■which  have  but  a  slight  susceptibility,  are  most  applicable  to  human  patho- 
logy." 

In  my  paper  ii»d  before  the  Pathological  Society  of  Philadelphia  in 
April,  188.5,  from  wliicli  I  have  til remly  quoted.  I  say:  "It  seeni.s  extrt'tnely 
probable  that  this  micrococcus  isconcerni'd  in  tiie  etiology  of  cvouiious  piieu- 
monia.  .  .  .  But  tills  cannot  be  considen^d  as  definitely  established  by  the 
experiments  which  have  thus  far  been  made  uiriu  the  lower  animal.'!.*' 

The  experiments  of  Gameleia  go  far  towaitl  settling  this  tiUL'.stiou  in  a 
definite  manner,  and,  considered  in  connection  with  those  of  Talainon  and 
Salvioli,  and  the  extended  researches  of  Frankel,  Weichselbaum,  and  Netter, 
leave  but  little  doubt  that  this  is  the  true  infectious  agent  in  acute  lobar 
pneumonia. 


808 


BACTKRIA  IN  CROUPOUS  PNEtTMOXlA, 


^f. 


oV>i 


Via.  ai.-BacffluRof  Friedlunder; 
a,  from  a  calture;  ^,  from  blood  of 
mouse,  Btaoirliigoapeule.  (Fiagg«.) 


7.       BACILLUS   OF  FRIEDL.ANT>KR. 

Sgnonyms. — Pnenraococcus  (Friedlander) ;    BaciUua  pi; 

Obtained  by  Friedlander  and  Frobenius  in  pure  cultures 
from  tlio  exudate  into  the  |mlmonaiy  alveoli  in  cases  of 
ous  pneumonia.  Subsequent  researches  show  that  it  is  only  i 
in  a  small  proportion  of  tlie  cases — nine  times  in  one  hundxcdl 
twenty-nine  casesexamined  by  Weichsolbaum,  three  tiznes  ini 
cases  examined  by  Wolf. 

Morpholvfjt/.— Short  rods  with  roimded  ends,  often  so  abort  i 
to  resemble  micrpcocci,  espeeiallj  ia  nn' 
^         recent  cultures  ;  comnionlj-  united  in  [ 
^®      or  chains  of  four,  and  luider  certain  d^  ! 
(^     cumstances  surrounded  by  a 

capsule.      The    gelatinous    envelope- 
called  capsule — i«  not  seen  in  prej 
made  from  cultures  in  artificial 
is  very  prominent  in  properlj'  stained  ] 
rations  from  the  blood  of  an  inoculated  animal.     It  often  hasai 
ter  eciual  to  or  great*?r  than  that  of  the  enclosed  cell,  and  appeaato  I 
consist  uf  a  substance  resemV)liiig  mucin,  which  is  soluble  in  vali 
dilute  alcohol.     Where  several  colls  are  united   in  a  chain  thfTi 
all  be  enclosed  in  h  common  onvelupe,  or  eju'h  may  hav-e  its  own  < 
Bule.     This  capsule  is  not  peculiar  to  Friodlauder's   bacilltu,  w  te  j 
at  first  supposed,  but  is  found  in  other  bacilli  and  nlao  in  the  wrilv> 
Micrococcus  Pasteuri. 

FriedUinder's  bacillus  stains  readily  with  the  aniline  colon,  Wt 
is  decolorized  by  the  iodine  solution  tised  in  Qrani's  method  b 
preparations  from  the  blootl  of  an  inoculated  animal,  BtMtncd  br  ■ 
aniline  color,  the  capsule  apj)ear8  as  an  unstained  envelope  sarran^ 
ing  tlie  stained  cell,  but  by  special  treiitment  the  c.'-t-V  ,-  -i— u 

stained.     Friedlander  s  method  is  fu»  foUows  :  Tli  r  (siw- 

glass  preparation  is  placed  for  twenty-four  hom  ,   m^tttkmd 

gentian  violetand  acetic  acid,  contiiiuing  fifty  iiart.-.  o;  ,,  nmminirf 
alcoholic  solution  of  gentian  violet,  one  hundn«d  |Mirts  of  iBttflH 
water,  and  ten  parts  of  acetic  a4.!id.  The  stain<><l  pr«par»t)i«  • 
wa-she<l  for  a  minute  or  two  in  a  one-per-cent  solution  of  noetic  mwL 
dehydrated  with  alcohol,  cleared  up  with  oil  of  oloveo  or  c«(Ur,^ 
mounted  in  balsam.  The  luunllus  is  quickly  stained  in  dried  c*«*^ 
glass  preparations  by  immersion  in  auiline-water-gt>utian''nolaliri»^ 
tioQ  (two  or  three  minutes).  The  stained  pre])aratioa  ehoold  b»^ 
colorized  by  placing  it  in  absolute  alcohol  for  half  a  minutau  Mid  tk* 
washed  in  distilled  water. 
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Biological  Characters. — This  bacillua  doea  not,  so  far  as  is 
known,  form  reprtHiuctive  spores;  it  is  non-mottle  and  does  not 
liquefy  gelatin.  It  is  aerobic  and  a  facultative  anaerobic.  In 
gelatin  stick  cultures  it  presents  the  "  nail-shai^ed ''  growth  first 
described  by  Frietllander,  which  is  not,  however,  peculiar  to  this 
bacillus.  The  head  of  the  nail  in  formed  by  the 
development  around  the  point  of  entrance  of  the 
inoculating  needle  of  a  rounded,  white  mass  hav- 
ing a  smooth,  shining  surface,  and  its  Htem  by  the 
growth  along  the  lino  of  puncture.  This  consists 
of  closely  crowded,  opacjue,  white,  spherical  colo- 
nies. Gas  bubbles  sometimes  develop  in  gelatin 
cnilture*,  and  in  old  cultures  the  gelatin  about  the 
line  of  growth  acquires  a  yellowish-brown  color. 
The  growth  in  nutrient  agar  resembles  that  in 
gelatin.  Upon  the  surface  of  blood  serum  abun. 
dant  grayish-white,  viscid  masses  are  developed. 
Upon  potato  the  growth  is  abundant,  quickly  cov- 
ering the  entire  surface  with  a  thick,  yellowish- 
white,  glistening  layer  which  often  contains  gas 
bubbles  when  the  temperature  is  favorable.  Col- 
onies in  gelatin  plates  appear  at  the  end  of  twenty- 
four  hours  as  small,  white  spheres,  which  increase 
rapidly  in  size,  and  ujion  the  surfsico  form  round- 
ed, smooth,  glistening,  white  masses  of  consider- 
able size.  Under  the  microscope  the  colonies  pre- 
sent a  somewhat  in*egular  outline  and  a  slightly 
granular  appearance.  Growth  occurs  at  compara- 
tively low  tem|)eratures — 1*.)°  to  20°  C. — Itut  is  more  *'  ""-w 
rapid  in  the  incubating  oven.  The  thermal  death- 
point,  as  determined  by  the  writer^  is  about  !H\°  C.  In  tlie  ordinary 
culture  media  it  retains  its  vitality  for  a  long  time,  and  may  grow 
when  transplanted  to  fresh  culture  material  after  having  been  pre- 

red  for  a  year  or  more.     At  a  temperature  of  40'^  C".  development 


Fig.  ho  — Fri9<Uunder'« 
bacillus;  stick  cullure  In 
gelatin;  end  of  four  iajn 
C.   (BaiiiTigT- 


Paihogenesia. — In  FriwUiinder's  experiments  the  bac"iUus  from 
pure  cultures,  suspended  in  water,  wa.'*  injected  through  the  thoracic 
wall  'into  the  right  lung  of  dogs,  rabbits,  guinea-pigs,  and  mice. 
Rabbits  proved  to  be  immune  ;  one  dog  out  of  five,  six  guinea-pigs 
out  of  eleven,  and  all  of  the  mice  (thirty-two)  succumbed  to  the 
inoculation.  At  the  autopsy  the  pleural  cavities  were  found  to  con- 
tain a  sero-purulent  fluid  ;  the  lungs  were  intensely  congested,  con- 
tained but  httle  air,  and  in  phues  showed  limited  areas  of  red  infil- 
tration ;   the   spleen  was  considerably  enlarged ;   the  bacillus  was 
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found  in  great  numbers  in  the  lungs,  the  fluid  in  the  pleural  otvi- 
ties,  and  in  the  blood  obtained  from  the  general  circuleltion  or  fraa 

the  various  organs  of  the  Ixxly.  Similar  appearance*  preftonted  I 
selves  in  the  case  of  the  guinea-pigs  which  8uccumbe«l  t«i  the  i 
lation. 

These  results  show  that  the  bacillus  under  consideration  i» 
ogonic    for  mici^  and  for  guinea-pigs,  but   thoy  are   by  no  ii 
Bufficitmt  to  prove  that  it  is^  capable  of  producing  a  genuine  eroopuiv^ 
pneumonia  in  man.  and  it  Ls  still  uncertain  whether  its 
presence  in  the  exudate  into  the  pulmonary  alveoli  in  ctm»  at 
disease  has  any  etiological  importance. 

8.    MICROCOCCUS   PNEUHONIiB   CROUPOSjK. 

S>/nonyms. — Micrococcus  Pasteuri  (Sternberg)  ;    Mic; 
gputum  septictemia  (Friinkel)  ;  Diplococcus  pneumoniiie  (W< 
baum)  ;  BacUlus  septicus  sputigenus  (Fliigge)  ;   BaciUns 
scpticuH  {Biuiidi)  ;  Lancet-sha}^H?d  micrococcus  (Talamon)  • 
coccus  lauceoliitus  Piistouri  {Ganieleia). 

Discovered  by  the  present  writer  in  the  blood  of  rabbits 
lated  subcutaneously  with  his  own  saliva  in  September,  IfWO* 
Pasteur  in  the  bkw^d  of  rabbits  inoculated  %vith  the  saliva  of  m 
which  died  of  hydrophobia  in  one  of  the  hospitals  of  Part*  in  IV 
cemlier,  ISSO  ;  ideutilied  with  the  micrococcus  in  the  nnrty  nntUB^f 
pneumonia,  by  comparative  inoculation  and  culture  exporimeat^  If 
the  writer  in  l!S85  (ptiper  jtublished  in  the  American  Journal  of  tit 
Medical  Sciences,  July  1st,  IHS,!).  Proved  to  be  the  cause  o/cnmf- 
ous  pneumonia  in  man  by  the  researches  of  Talamon,  Solvioli,  8tMK 
l>org,  Frankel,  WeichsollKuim,  Netter,  Qameleia,  and  othen. 

The  Presence  of  Micrococcus  Pasfenri  in.  the  SatiiHirw  Seen- 
tions  of  Healthy  Individuals. — In  September,  188«>,  while  om^ 
in  investigations  relating  to  the  etiology  of  the  mahuiai  f^woL  I  ii> 
juct«d  a  httle  of  my  own  sahva  LnMieath  the  skin  of  t'leo  rabUtMA 
control  exi>eriment.  To  my  surprise  the  anim>dM  died,  luid  I  tani 
in  their  blood  a  multitude  of  oval  microiirganisms,  united  ft»  tfe 
most  part  in  psiirs,  or  in  chains  of  three  or  four  elements.  Ttet 
experiments  are  recorded  in  my  paper  entitled  "  Experimoutal  lan*- 
tigatious  Relating  to  the  Etiology  of  the  ^lalarial  FevorsL,"  pabbM 
in  the  Report  of  the  National  Board  of  Heidth  for  IR8I.  jm.  74.  Ti. 

Following  up  my  exjH^rimenta  matle  in  New  Orltxafis  (in  Sjiplni 
ber,  1880),  in  Philadelphia  (January,  1881).  and  in  Baliimuro  I Jl«idk 
1881),  I  obtained  the  following  results  : 

"  The  saliva  of  four  students,  residents  of  Biiltinion?  (in  Mairkl. 
gave  negative  results  ;  eleven  nibl>its  iajwUMl  with  the  wahrmU  Ml 
iniUviduals  in  Philtulelpliia  (in  January)  gave  eight  '^imtht 
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negative  results;  but  in  the  fatal  cases  a  less  degree  of  virulence  was 
shown  in  six  by  a  more  prolonged  period  between  the  date  of  injec- 
tion and  the  date  of  death.  This  was  three  days  in  one,  four  days 
in  four,  and  seven  days  in  one. " 

In  a  paper  published  in  the  Journal  of  the  Royal  Microscopical 
Society  (June,  188(3)  I  say  : 

* '  My  own  earlier  exi»eriinents  showed  that  there  is  a  difference  in 
the  pathogenic  potency  of  the  saHva  of  different  individuals,  and  I 
have  since  learned  that  the  saliva  of  the  same  individual  may  differ 
in  this  respect  at  different  times.  Thus  during  the  past  three  yesirs 
injections  of  my  own  saliva  have  not  infretjuently  failed  to  cause  a 
fatal  result,  and  in  fattil  cases  death  is  apt  to  occur  after  a  some- 
what longer  interval,  seventy-two  hours  or  more ;  whereas  in  my 
earlier  experiments  the  animals  infaUibly  died  within  forty-eight 
hours. '' 

The  presence  of  my  Micrococcus  Pasteuri  was  demonstrated  in 
the  blood  of  the  rabbits  which  succumbed  to  the  inoculations. 

Claxton,  in  a  series  of  exi>eriment8  made  in  Philadelphia  in  1883, 
injected  the  saliva  of  seven  individuals  into  eighteen  rabbits.  Five 
of  these  died  within  five  days,  an<l  nine  at  a  later  period. 

Frankel,  whose  first  publication  was  made  in  1885,  discovered 
the  presence  of  tliis  micrococcus  iii  his  own  salivarj'  secretions  in  1883, 
and  has  since  made  extended  and  important  rcsearclies  with  refe- 
rence to  it.  The  saliva  of  five  healthy  individuals  and  tlie  sputa 
of  patients  suffering  from  other  diseases  than  pneumonia,  injected 
into  eighteen  rabbits,  induced  fafcd  "  sputum  septicjemia '' in  three 
only.  When  he  commenced  his  experiments  his  saHva  was  uni- 
formly fatal  to  rabbits,  but  a  yoar  later  it  was  wnthout  effect. 

"Wolf  injected  the  saliva  of  twelve  healthy  indiriduals,  and  of 
three  patients  with  catarrhal  bronchitis,  into  rabbits,  and  induced 
**  sputum  septicfemia  "  in  three. 

Netter  examined  the  saliva  of  one  hundred  and  sixty *five  healthy 
persons,  by  inoculation  experiments  in  rabbits,  and  demonstrated 
the  presence  of  this  micrococcus  in  fifteen  per  cent  of  the  numlier. 

Vignal.  in  his  recent  elaborate  paper  upon  the  microorganisms 
of  the  mouth,  says  : 

"  Last  year  I  encountered  this  microbe  continually  in  my  mouth 
during  a  period  of  two  months,  then  it  disiippeared,  and  I  did  not 
find  it  again  until  April  of  this  year,  and  then  only  for  fifteen  days, 
■when  it  again  disajvpeared  without  appreciable  cause." 

The  Presence  of  Micrococcus  Pneumonice  Crouposce  in  Pneu- 
monic Sputmii. — Talamon,  in  188.3,  demonstrated  the  presence  of  this 
micnxjoccus  in  pneumonic  .sputum,  deacrilwd  its  morphological  char- 
acters, and  produced  tj'pical  croupous  pneumonia  in  rabbits  by  in- 
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jecting  material  containing  it  into  the  lungs  through  the  thcnde 
walls. 

Salvioli,  in  1884,  demonstrated  its  presence  in.  pneumonic 
by  injections  into  rabbits. 

In  1885  the  writer  made  a  similar  demonstration,  and  by< 
tive  experiments  showed  that  the  iuicr(x*occus  present  in  tiie  \ioai 
of  rabbits  in<jculated  with  the  rusty  sputum  of  pneumonia  was  ideb- 
tical  with  that  which  he  had  discovered  in  1 880  in  rabbite  inocalalM 
with  his  own  saliva. 

The  same  year  (1885)  A.  Frankel  made  a  siuiilar  demonatiatian. 
and  publislied  a  paper  containing  valuable  additions  to  our  knowl- 
edge relating  to  the  biological  charju?ters  of  this  microorganism  (fiat 
publication  apjjefired  July  13th,  1885). 

In  1886  Weichselbuum  pubhshed  the  results  of  his  exten>ie"!  r»^ 
searches  relating  to  the  presence  of  this  micrococcus  in  the  tibnuv-u* 
exudate  of  croupous  pneumonia.  He  obtaine*!  it  in  ninety -four  cama 
(fifty-four  times  in  cultures)  out  of  one  hundred  and  twenty-nine  ohm 
examined. 

Wolf  (1887)  found  it  in  sixty-six  cases  out  of  seventy  exanunsd. 

Netter  ( 1887)  in  seventy -five  per  cent  of  his  cases,  and  in  the ) 
of  convalescents  from  pneumonia  in  sixty  per  cent  of  the 
amined,  by  inoculations  into  rabbits. 

Gameleia  (1887)  in  twelve  fatal  cases  of  pneumonia  in  vrl6A  h» 
collected  material  frcjm  the  lungs  at  the  post-mortem  examinotiaa. 

GoldenlxTg,  whose  researches  were  made  in  Gameleia*s  labon^ 
tory,  found  it  in  pneiimonic  sputum  in  forty  consecutive  can^  If 
inocuhitions  into  rabbits  and  mice. 

Tlie  Presence  of  Micrococcus  PnevmonifE  Croupi  <  VWb> 

gitiH. — Numerous  bacteriologists  have  rej)orttKl  findins,  .  tjoilii 
the  pus  of  meningitis,  and  frequently  the  microorg^aniHins  lmr«  )c«b 
fully  identified  as  "  diplococcus  pneimnoniae. "  Thus  Netter  ( 188!>),  i« 
a  resume  of  the  results  of  researches  made  by  hiin  in  twentr-fiw 
cases  of  purulent  meningitis,  reports  as  follows : 

Thirteen  cases  were  examined  microscopically,  by  culture*,  and 
by  inoculations  into  susceptible  anitnaJs  ;  six  casoB  by  microecafKal 
examination  and  experiments  on  animals:  and  the  remainder  oo^  kf 
microscopical  examination.  Four  of  the  crises  wore  oorapliailid 
with  purulent  otitis,  six  with  pnctrniunia,  three  with  uloeratiT««Bd»' 
carditia.    The  "  pneumoc<jccu3  "  was  found  in  sixtf  "le  twwiiy- 

five  cases ;  in  four  Streptococcus  pyogenes  was   j  ;    ia  iwp 

Diplococcus  intracellularis  meningitidis  of  "Weichsi'IbHum  ;  in  am 
FrietUander's  bacillus  ;  in  one  Newmauu  and  SchAffur's  motile  l» 
cillus  ;  in  one  a  small  curved  bacillus. 

In  forty-five  cases  collected  from  the  Uterature  of  the  aabjeci  bf 


BACTERIA   IN  CROUPOUS  PNEUMONIA. 


313 


I 


Netter  this  micrococcus  was  present  ia  twenty-seven.  Streptococcus 
pyogenes  in  six,  and  the  Diplococcus  iatracellularis  meningitidis  of 
Weichsflbaum  in  ten. 

Monti  (1889),  in  four  cases  of  cerebro-spinal  meningitis,  demon- 
strated the  presence  of  the  same  micrococcus.  In  three  of  his  cases 
pneumonia  was  also  present.  In  two  Staphylococcus  pyogenes  aureus 
was  a.s80ciated  with  the  "  diplococcus  piieumunisB." 

Micrococcus  Pneumonice  Crouposm  in  Ulcerative  Endocar- 
ditis.— Weichselbaum,  in  a  .series  of  twenty-nine  cases  examined 
(1888),  found  "  diplococcus  pnoumoniie"  in  seven. 

Micrococcus  Pneumonim  Croupo.sre  in  Acute  Abscesses. — In  a 
case  of  parotitis  occurring  as  a  complication  of  croupous  pneumonia 
this  micrococcus  was  obtained  from  the  pus  in  pure  cultures  by  Testi 
(1889);  and  in  another  case  in  which,  as  a  complication  of  pneumonia, 
there  developed  a  purulent  pleuritis,  abscess  of  the  parotid  on  both 
sides,  and  nmltiple  subcutaneous  abscesses,  the  pus  from  all  of  the 
sources  named  contained  the  "  diplococcus  "  in  great  numbers,  as 


A* 


I*  J 


•^« 


FioW.  Fio.fll.  Fia.08. 

Fio.  90. — Mlcroiroccus  pneumoobB  croupostB  from  blood  of  rabbit  lnocal>t«d  with,  nomut)  hammn 
■allT*  a>r.  S.).    >  i.uno. 

Fio.  St.— Micrococcus  pneiimoniic  croiipoBie  from  blood  of  rabbit  inoculated  aubcutaneouslf 
^riUi  fresh  pneumonic  sputum  fn>in  a  patient  in  the  ;HeTi^aih  day  of  the  iiBeose.     x  1.000. 

F^o.  VS.— Surface  culture  of  Micrococcus  pDcumoaiee croupoaic,  oa  Dutrient  a^ar,  showing  tho 
dereloptueiit  of  loog  chains,    x  l.UOO. i 

shown  not  only  by  microscopical  examination  but  by  inoculation  into 
rabbits. 

In  a  case  of  tonsillitis  resulting  in  the  formation  of  an  abscess 
Gabbi  (I88!>)  obtaine<l  the  same  coccus  in  pure  cultures. 

In  otitis  media  this  micrococcus  has  been  found  in  a  consider- 
able number  of  cases  in  the  pus  obtained  by  paracentesis  of  the 
tyrajianic  membrane,  and  quite  frftpieutly  in  pure  cultures — by  Zau- 
fal  (1889)  in  six  ca.ses;  Levy  and  Schrader  (1889)  in  three  out  of  ten 
cases  in  which  paracentesis  was  performed;  by  Netter  (1889)  in  five 
out  of  eighteen  cases  occurring  in  children, 

Monti  (1889)  and  Belfanti  (1889)  report  cases  of  arthritis  of  the 
wrist  joint,  occurring  as  a  complication  of  pneumonia,  in  which  this 
micrococcus  was  obtained  in  pure  cultures.     Ortmann  and  Samter 

'  The  aboTe  figures  are  from  Dr.  Sternberg's  paper  publishei]  in  the  American 
Journal  of  the  Medical  Sciences  for  July  aud  October,  1885. 
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(1889),  in  a  case  of  purulent  inflammation  of  the  shoulder  joint  fol- 
lowing pneumonia  and  pleurisy,  obtained  the  ''diploooocus  {xm- 
monise"  in  pure  cultures. 

Morphology. — Spherical  or  oval  cocci,  usually  united  in  pain,  «r 
in  chains  consisting  of  three  or  four  elements.  Longer  cfaaioSf  coo- 
taining  ten  or  more  elements,  are  frequently  formed,  especiaUj*  n 
cultures  upon  the  surface  of  nutrient  agar,  and  in  liquid  media:  it 
may  therefore  be  regarded  as  a  streptococcus.  As  observed  in  tb* 
blood  of  inoculated  animals  it  is  usually  in  pairs  consisting  ot  oril 
or  lance-oval  elements,  which  are  surrounded  by  a  transparent  rap- 
Bule.  Ovying  to  the  elongated  form  of  the  cocci  when  in  actir* 
gruwtli,  it  has  been  regarded  by  some  authors  as  a  bacillus;  bat  is 
cultures  in  liquid  media,  when  development  by  binary  division  be 
ceased,  the  cells  are  spherical,  or  nearly  so,  and  in  cultures  «b  tbi 
surface  of  nutrient  agar  the  indi^ndual  cells  more  nearly  approacba 
spherical  form  than  in  the  blood  of  an  inoculated  auimal.  TTie  "  lan- 
ceolate "  form  was  first  referred  to  by  Talamon,  who  deecribed  hm 
having  the  form  of  a  grain  of  wheat,  or  even  still  more  oWrgfff!^ 
like  a  grain  of  barley,  as  seen  in  the  fibrinous  exudate  of  croupw 
pneumonia.  The  transparent  material  surrounding  the  cell*— ■ 
called  capsule — is  best  seen  in  stained  i>reparation8  from  the  SfariWNi 
exudate  of  croujKjus  pneumonia  or  from  the  blood  of  an  inocnlMld 
animal.  It  appiears  as  an  uustaineil  marginal  band  surrouDdilig  iki 
elliptical  cells,  and  varies  greatly  as  to  its  extent  in  diflTereut  ptrngaa^ 
tions.  This  capsule  probably  consists  ol  ft 
substance  resembling  mucin,  and,  b«ingcAh 
ble  in  water,  its  extent  depends  parUr  upia 
the  methods  employed  in  prejiaring  «« 
mens  for  microscopical  exaniiuatiixu.  ; 
occasionally  seen  in  staine<l  prepamtjoos  fnai 
the  surface  of  cultures  on  blood  aenim;  mat 
in  drop  cultures  examined  under  tb«  micn>- 
scope,  by  using  a  small  diaphragm  it  Mf 
be  seen  to  surround  the  cocci  as  a  mcmxrfi^ 
visible  halo. 

This  micrococcus  ftlitins  readily  with  lAe 
aniline  colors;  and  also  hy  Gram's  method,  which  c«>nstitvtM M 
important  character  for  distinguishing  it  from  Friedl&tider's  t»- 
cillus. 

Biological  Characters. — Grows  in  the  presence  of  oxypp— 
aerobic — but  is  also  a  facultative  nnaerohic.  Like  other  miae- 
cocci,  it  has  no  spontaneous  movements.  It  grows  in  a  variety  of 
culture  media  when  they  have  a  slightly  alkaline  reaction,  but  «fll 
not  develop  in  a  medium  which  contains  the  slightest   tnM»  of  ftm 


Fio.  08.— Mlorococeo*  pneu- 
moolBcroupoMD,  ihowiog  cap- 
sule, attocbedto  piu  cells  from 
exndate  in  pleural  oiTlty  of 
Inoculated  rabbit.    CSalrioll.^ 
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acid.  Nor  will  it  grow  at  the  orJinary  room  temperature.  Scanty 
development  naay  occur  at  a  temf)erature  of  22'^  to  24°  C,  but  a 
temperature  of  35°  to  37°  C.  is  most  favorable  for  its  growth,  which 
is  very  rapid  in  a  suitable  liquid  medium.  In  an  infusion  matle  from 
the  flesh  of  a  chicken  or  a  rabbit  it  multiplies,  in  the  incubating 
oven,  with  remarkable  rapidity  ;  at  the  end  of  six  to  twelve  hours 
after  inoculation  tlie  previously  transparent  fluid  \\'ill  be  found  to 
present  a  slight  cloudiness  and  to  be  filled  throughout  with  the  cocci 
in  pairs  and  short  chains.  It  does  not  produce  a  milky  opacity  in 
liquid  media,  like  the  pus  cocci,  for  exfimple,  but  the  fluid  becomes 
slightly  clouded  ;  multiplication  ceases  at  the  end  of  about  forty- 
eight  hours  or  less,  and  the  liquid  medium  again  becomes  transpa- 
rent as  a  result  of  the  subsidence  of  the  cocci  to  the  bottom  of  the 
receptacle. 

It  may  be  cidtivated  in  flesh-peptone-gelatin,  containing  fifteen 
per  cent  of  gelatin,  at  a  temperature  of  "24°  C.,  or  in  liquefied  gela- 
tin (ten  per  cent)  in  the  incubating  oven. 
In  gelatin  {fifteen  per  cent)  stick  cultures 
small  white  colonies  develop  all  along  the 
line  of  puncture,  and  in  gehitin  plates 
suioJl,  spherical,  slightly  granular,  whitish 
colonies  are  formetl :  the  gelatin  is  not 
liquefied.  In  agar  plates  extremely  mi- 
nute colonies  are  develojied  in  the  courae 
of  forty-eight  hours,  which  resemble  little, 
transparent  drops  of  fluid,  and  under  the 
microscope  some  of  thosG  are  olwerved  to 
have  a  compact,  finely  granular  central 
portion  surruuuded  by  ajjiiler,  trtinsparent, 
finely  granular  marginal  zone.  Upon  the 
surface  of  nutrient  agfir  or  coagulated  blood  serum  development 
occurs  in  the  form  of  nunute,  transparent,  jelly-like  drops,  which 
form  a  thin,  layer  along  the  line  of  inoculation  in  "  streak  cultiires '" ; 
and  in  agar  stick  cultures  the  growth  along  the  line  of  puncture  is 
rather  scanty,  alintjst  ho[nt>geneous,  and  semi-transparent.  Upon 
potato  no  develo|»meut  occurs,  even  in  the  incubating  oven.  Milk  is 
a  favorable  culture  medium,  and  the  casein  is  coagulated  as  a  result 
of  its  presence. 

It  ceases  to  grow  on  solid  media  at  about  40°  C,  and  in  favorable 
liquid  media  at  42°  C  Its  thermal  death-point,  as  determined  by 
the  writer,  is  62°  C,  the  time  of  ex]X)sure  being  ton  minutes.  It 
loses  its  vitality  in  cultures  in  a  comparatively  short  time — four  or 
five  days  on  agjir — and  is  very  sensitive  to  the  action  of  germicidal 
agents.      Its  pjithogenic    power  also    undergoes    attenuation   verj- 


Fia.  94  —Single  oolony  of  Mloro- 

cOccuB  pDeiunonls  crouposa3  npoa 
agar  plate,  twenty-four  houra  old. 
X  lOii.    tFriokel  and  Pfelffer.) 
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quickly  when  it  is  cultivated  in  artificial  media,  but  may  be  reBlond 
by  passing  it  through  the  bodies  of  susceptible  animals.  Atteov- 
tion  of  virulence  may  also  be  effected  by  exposing  boiiilloa  cultuiw 
to  a  temperature  of  42^  C.  for  twenty -four  hours,  or  by  fire  dars' 
exposure  to  a  temperature  of  41°  C. 

Emmerich  reported  in  ISO  I  to  the  Congress  of  Hygiene  and 
Demograpliy  in  Loiulon  the  results  of  exi)eriraetJts  made  by  lua 
relating  to  immunity  in  rabbits  and  mice.  Rabbits  ^vere  pendovi 
immune  by  the  intravenous  injection  of  a  very  niucb  dilated  but 
virulent  culture  of  the  micrococcus.  The  flesh  of  these  immaM 
rabbits  was  rubbed  up  into  a  fine  paste,  and  the  juices  obtained  by 
coinprossingit  in  a  clean,  st'erilized  cloth.  This  blo<jtly  juice  waskcft 
for  twelve  hours  at  a  tempertiture  of  10'' C,  and  then  steriliaed  by 
passing  it  through  a  Pasteur  filter.  Some  of  this  juice  yraa  vajed^ 
intcj  a  rabbit,  which  with  twenty-five  others  was  then  made  to  !*■ 
spire  an  atmosphere  cliarged  with  a  spray  of  a  bouillon  cultan-  fi 
the  raicroc(x;cu8.  As  a  result  of  this  all  of  the  rabbits  died  except  dte 
one  which  had  piviiously  been  injected  with  the  unmunizinjj  jniec. 
In  a  similar  experiment  upon  mice  six  of  the-ne  anitnalB,  wUch  bftd 
prin-iously  been  injected  with  the  immunizing  juice,  surrivied  the  B- 
ji'ction  of  a  full  di3se  of  a  virulent  culture,  while  a  control  tncaK. 
not  prt'viouHly  injected  with  the  juice,  promptly  died  after  rMetTiBf 
the  same  quantity  t)f  the  virulent  culture. 

The  writer  in  1881,  in  experiments  made  to  determine  the  vtim 
of  various  disinfectants,  as  tested  upon  this  niicrocoocus.  oblaiMd 
exp«'rimeiital  evidence  that  its  virulence  is  attenuates!  bv  tlie  adioa 
of  certain  antiseptic  agents.  C<immenting  upon  the  results  of  timm> 
experiments  in  my  chapter  on  "  Atteuuation  of  Virus,"  in  "  Baci»' 
ria"  (1884),  I  say  : 

"Sodium  hyposulphite  and  alcohol  were  the  chemical  rakgentivkk^ 
pmdiK^etl  the  result  noted  in  these  exiieritnents  ;  but  it  seems  prolMbla  Ite 
a  vuriety  of  anliscptic  substances  will  be  found  to  be  equally  efl^cdw  mhm 
us<h]  in  the  proi^er  proportion.  Subsequent  experiments  have  *bowB  Ifal 
neither  of  thetse  agents  Is  capable  of  destroying  the  vitality  of  this  ssptv 
micrococcus  in  the  proportion  used  (one  per  cent  of  sodium  ny po«alphitc  «r 
one  part  of  ninety-livt'-pereent  alcohol  to  three  parts  of  virus),  sod  Uul 
both  have  n  rc8trauiiii^  iniluenoe  upon  the  development  of  this  uioaaM^ 
ism  in  culture  fluids." 

Tlie  following  results  were  obtained  by  the  writer  in  his  ezpcri* 
menta  (IHSl  and  mi^3)  to  determine  the  gennicidal  and  antlMBtk 
value  of  the  agents  luinuHl.  as  tested  upon  this  microcoocuH. 

Alcohol. — A  twenty-four-per-cent   solution  was   effective 
bouillon  cultures  in  two  hours. 

Boric  Acid. — A  saturated  solution  failed  to  destroy  vitalitT  afltf 
two  hours'  exposure,  but  1  :  400  restrainetl  development. 
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Carbolic  Acid. — A  one-per-cent  solution  destroys  vitality  in  two 
hoxirs,  and  1  :  500  restrains  development. 

Cupn'c  Snl})hufe  destroys  the  virulence  of  the  coccus  in  the 
blot»d  of  a  rabbit  in  the  proportion  of  1  :  400  in  half  an  hour. 

FerHc  Sulphate  failed  to  destroy  vitality  in  a  saturated  solution, 
but  restrained  development  in  the  proportion  of  1  :  300. 

Hydrochloric  Acid  destroys  the  virulence  of  the  blood  of  a  rab- 
bit containing  this  micrococcus  in  the  proportion  of  1  :  200. 

Iodine,  in  aqueous  solution  with  potassium  iotlide,  destroys  vital- 
ity in  the  proportion  of  1 : 1,000  and  prevents  development  in  1 ;  4.000. 

Mercuric  Chloride. — One  part  in  forty  thousand  prevents  the 
development  of  this  micrococcus,  and  1  :  20,000  was  found  to  destroy 
vitality  in  two  hours. 

Nitric  Acid. — One  part  in  four  hundred  destroyed  the  virulence 
of  rabbit's  blood  containing  this  micrococcus. 

Canatic  Potash. — A  two-per-cent  solution  destroyed  vitality  in 
t^vo  hours. 

Potasfiium  Permanganate, — A  two-per-cent  solution  destroyed 
tlio  virulence  of  rabbit's  blood  containini?  this  coccus. 

Sulicylic  Acid,  dissolved  by  the  addition  of  sodium  biborate. — 
A  solution  of  1  ;  4-(K)  prevented  dovelnpnient. 

Sulphuric  Acid, — One  part  in  two  hundretl  destroys  vitality,  and 
1  ;  800  prevents  development. 

In  a  paper  by  Bordoni-Uffreduzzi  relating  to  the  resisting  power 
of  pneumonic  virus  for  desiccation  and  light,  the  following  results  are 
given :  Pneumonic  sputum  attached  to  cloths,  when  dried  in  the  air 
and  exposed  to  diffuse  daylight,  retfiined  its  virulence,  as  shown  by 
injection  in  rabbits,  for  a  periud  uf  nineteen  days  in  one  series  of  ex- 
jjeriments  and  for  fifty-five  days  in  another.  Exposed  to  direct  sun- 
light the  same  material  retained  its  virulence  after  twelve  hours* 
exposure.  Cidturcs  have  far  less  resistance,  and  the  protection 
afforded  by  the  dried  albuminous  material  in  which  the  micrococci 
were  embedded,  in  the  experiments  referred  to,  probably  accounts 
for  the  virulence  being  retained  so  long  a  tinu\ 

Ki'use  and  Pausini  (ly.i^)  have  published  an  elaborate  paper  giv- 
ing an  account  of  tfieir  researches  relating  to  "diplococcus  pnenmo- 
nisB  "  and  allied  streptococci.  We  give  below  a  summary  statemeni 
of  their  results : 

Many  varieties  were  obtained  by  the  observers  named  in  tlieir  cultures 
from  various  sources — from  the  lungs  of  individuals  dead  from  pneumonia, 
from  pleuritic  exudat*?,  from  pneumonic  sputa,  fi'om  bronchitic  sputa,  from 
the  saliva  of  healthy  persons,  from  the  secretion  in  a  case  of  subacute  nasal 
catarrh,  from  the  urine  of  a  patient  with  nephritis. 

Pure  cultures  were  obtained  by  the  use  of  agar  plates  or  by  inoculations 
into  rabbits.     In  all  about  thirty  varieties  were  obtained  and  cultivated 


318 


BACTERIA   IN  CROUPOUS  PNEUMONIA. 


through  many  successive  venerations.  As  a  rule,  the  different  varieties, 
wliicli  at  fli"st  were  seen  toTiave  the  form  of  diplococci,  when  cultivated  for 
a  length  of  time  in  artilicial  media  presented  the  form  of  sti-eptococci  ;  and 
tlie  elements  which  at  first  were  lancet-shaped  showed  a  tendency  to  become 
sijherical. 

The  more  virulent  varieties  usually  presented  the  form  of  diplococ<;i 
wiLli  lancet-shaped  elements,  or  of  short  chains.  A  variety  which  formed 
long^  chains  could  be  pninouuceil,  in  advance  of  the  experiments  on  animals, 
to  possess  comparatively  little  virulence.  Wlien  by  inoculations  in  animals 
the  virulence  of  such  a  variety  was  restored,  the  tendency  to  form  chains 
was  less  pronounced. 

Although,  as  a  rule,  no  development  occurs  at  20'  C,  certain  varieties 
were  obtained  vvhicli,  after  long  cultivatiou  in  artificial  media,  sliowed  a  de- 
cided growth  at  IS*  C. 

Decided  ditteivnces  were  shown  by  the  cuUutvs  from  various  sources  as 
reg:ard3  their  growth  in  milk.  Out  of  eighty-four  cultures  from  various 
sources  eleven  did  not  j>roduee  coagulation.  As  a  rule,  cultures  which  caused 
coagulation  of  milk  were  virulent  for  rabbits,  and  when  such  cultures  lost 
their  virulence  they  usually  lost  at  the  same  time  tlie  power  of  coagulating 
milk.  Virulent  cultures  die  outswjner  than  those  which  have  become  at- 
tenuated by  continuous  cultivatiou  in  artificial  media;  the  first,  on  the  sur- 
face of  agiir,  usually  fail  to  grow  at  the  end  of  a  vreek,  while  the  attenuated 
cultures  may  survive  for  three  weeks  or  more. 

Pathogenesis. — Tliis  micrococcus  is  very  pathogenic  for  mice  and 
for  rabbits,  less  so  for  guiuea-pitfs.  The  injection  of  a  minute  quan- 
tity— 0. 2  cubic  centimetre  or  lesa — of  a  virulent  culture  beneath  the 
skin  of  a  rabbit  or  a  mouse  usually  results  in  the  death  of  the  animal 
in  from  twenty-four  to  forty-eight  hounj.  The  following  is  from  the 
writer's  first  published  i)aper  (1881),  and  refers  to  the  pathological 
appearances  in  rabbits  ; 

"  Tlie  coui"se  of  the  disease  and  the  post-mortem  appeArances  indicate  that 
it  is  a  form  of  seplic;emia.  Immediately  after  the  iiijt?ctiou  there  is  a  rise  of 
tenii>crature,  which  in  a  few  hours  iiiuy  rcjieh  2"  to  3^  (J.  (3.6"  to  5.4  F.): 
the  temperature  subsequently  falls,  and  shortly  before  death  is  often  several 
deprees  below  the  normal.  Tliei-e  is  loss  of  appetite  and  marked  debility 
after  twent\ -four  houj-s,  and  the  animal  coinniouly  dies  during  the  second 
night  or  early  in  the  morutng  of  the  second  day  after  t!ie  injection.  Death 
occurs  still  more  quickly  when  the  blood  fi-om  a  i-abbit  recently  dead  i»  in- 
jected.    Not  infrequently  convidsions  immediately  precede  death. 

"The  most  marked  pathohvgicai  api>earance  is  a  ditfu.se  inllainmatory 
cedema  or  cellulitis,  extending  in  all  directions  from  the  point  of  injection. 
but  especially  to  tlie  dependent  porlions  of  the  body.  Occasionally  tiiere  is 
a  little  pus  near  tlie  puncture,  but  usually  detith  occurs  before  the  cellulitLs 
reaches  the  point  of  nnxJucing  pus.  The  subcutaneous  connective  tissue 
contains  a  quantity  of  bhwdy  serum,  which  pofwesses virulent  proix^rties  and 
which  contains  a  multitude  of  miciYicocfi.  There  is  usui  lly  more  or  less  in- 
Ji am matory  adhesion  of  the  integument  to  the  subjiicfnt  tissues.  The  liver 
is  sometimes  dark-colored  and  gorged  with  hlrw, J,  but  more  frequently  it  is 
of  a  lighter  cohvr  than  nornui!  and  cnntains  iriuch  fut.  The  spleen  is  either 
normal  in  appwirance  or  enlarged  and  dark-colored.  Changes  in  this  organ 
are  more  marked  in  those  ca.ses  which  an's  of  the  longest  duration. 

"  The  blood  commonly  contains  an  immense  numberof  micrococci,  usually 
"'oined  in  paii-sand  havinp;  a  diameter  of  abfuitO.S  M-  These  are  found  in 
(lood  drawn  from  superficial  veins,  from  arteries,  and  from  the  cavities  of 
Ute  heart  immediately  after  death,  and  in  a  few  cases  their  presence  has  been 
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verified  during  life.  Observations  thus  far  made,  however,  indicate  that  it 
is  only  during  the  last  hours  of  life  that  those  jiarasites  multiply  in  the  cir- 
culatiug  HiiitT  and  in  a  certain  proportion  of  the  cases  a  careful  search  has 
failed  to  n?veal  their  presence  in  the  blood  in  post-mortem  examinations 
made  immediately  after  the  death  of  the  animal." 

In  animals  which  are  not  examine<l  until  some  hours  after  death 
a.  considerable  increfise  iii  the  numbor  at  micrococci  occurs  post  mor- 
tem. The  fact  that  this  micrococcus  varies  very  much  as  to  its 
pathogenic  power,  as  a  result  of  conditions  relating  to  the  medium  in 
■which  it  develops,  was  insisted  upon  in  my  first  published  paper,  and 
has  been  fully  estabUshed  by  later  researches  (Frankel,  Gameleia). 
Susceptible  animals  inoculated  with  attenuated  cultures  acquire  an 
immunity  against  virulent  cultures. 


Tia.  91.— Xlcrococciu  poeamoola  croupoate  la  blood  of  rabbit  tnrwul&ted  wlUi  poeumoDlc  Bpu- 
tum.    X  1,000. 


In  dogs  subcutaneous  injections  usually  give  a  negative  result, 
or  at  most  a  small  abscess  forms  at  the  point  of  inoculation.  In  a 
single  experiment,  however,  the  vpriter  has  seen  a  fatal  result  in  a 
dog  from  the  injection  of  one  cubic  centimetre  of  bloody  serum  from 
the  subcutaneous  connective  tissue  of  a  rabbit  recently  deatl.  This 
fihows  the  intense  virulence  of  the  micrococcus  when  cultivated  in 
the  body  of  this  animal.  Pneumonia  never  results  from  subcutane- 
ous injections  into  susceptible  animals,  but  injections  made  through 
the  thoracic  wall.s  into  the  substance  of  the  lung  may  induce  a  typi- 
cal fibrinous  pneumonia.  This  was  first  demonstrated  by  Talamon 
(1883),  who  injected  the  fibrinous  exudate  of  croupous  pneumonia, 
obtained  after  death,  or  drawn  during  Ufe  by  means  of  a  Pravaz 
syringe  from  the  hepatized  portions  of  the  lung,  into  the  lungs  of 
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ralabits.  According  to  See,  eight  out  of  twenty  animals  expen- 
mented  upon  exhibited  "a  veritable  lobar,  fibrinous  pneumonia, 
with  pleurisy  and  pericarditis  of  the  same  nature. "  Gameleia  has 
also  induced  pneumonia  in  a  large  niunber  of  rabbits,  and  also  in  the 
dog  and  the  eheep,  by  injections  directly  into  the  pulmonary  tissue. 
Sheep  wt're  found  to  survive  subcutaneous  inoculations,  unless  very 
largo  doses  (five  cubic  centimetres)  of  the  most  potent  virus  were  in- 
jected. But  intrapuhnonary  inocidations  invariably  induced  a  t^^jii- 
cal  fibrinous  pneumonia  wliich  usually  proved  fatal.  In  dogs  simi- 
lar injections  gave  rise  to  a  "  frank,  fibrinous  pneumonia  which 
rarely  proved  fatal,  recovery  usually  occurring  in  from  ten  to  fifteen 
days,  after  the  animal  bad  passed  through  the  stiiges  of  red  and 
gray  hepatization  characteristic  of  this  affection  in  man." 

Monti  claims  to  have  produced  tj-pical  pneumonia  in  rabbita  by 
injecting  cultures  of  this  niicroc(X!cus  into  the  trachea. 

From  the  evidence  obtained  in  these  experimental  inoculations, 
and  that  recorded  relating  to  the  presence  of  this  micrococcus  in  the 
fibrinous  exiulate  of  croui>ous  pneumonia,  we  are  justified  in  con- 
cluding that  it  is  the  usual  cause  of  this  disease,  and  consciiuently 
have  described  it  under  the  name  Micrococcous  pneumonije  crou- 
posf©.  We  prefer  this  to  the  name  commonly  employed  by  (Jerman 
authors — '' diplococcus  pneumonije'" — because  this  micrococcus,  al- 
though commtmly  seen  in  pairs,  forms  numerous  short  chains  of 
thrt^  or  four  element's  in  cultures  in  li<tuid  media,  and  upon  the  sur- 
face of  nutrient  agar  may  grow  out  into  long  chains.  It  would, 
therefore,  more  pruperly  l>e  called  a  streptix'oceus  than  a  diplococcus. 

G.  and  F.  Klemperer,  in  lRt<l,  published  an  important  memoir 
relating  to  the  jiatliogonic  action  of  tliis  micrococcus.  They  suc- 
ceeded in  eoiiferriiig  innniunt_v  upon  suHceptiljle  animals  by  inocu- 
lating them  with  filterod  cultures  of  tiie  micr«jcoccus,  and  in  some 
instances  this  immunity  had  a  duration  of  six  months.  A  curi- 
ous fact  develi^ped  in  their  researches  was  that  the  potency  of 
the  substance  <x>utained  in  the  filtered  cultures  was  increased  by 
subjecting  these  to  a  temperature  of  41"  to  4'^"  C.  for  three  or  four 
days,  or  to  a  higher  temperature  (GO'*  C. }  for  an  hour  or  two.  When 
injected  into  a  vein  after  being  subjected  to  such  a  temperature  im- 
munity wfxs  comjilete  at  the  onti  of  three  or  four  days  ;  but  the  8*i.me 
material  not  so  heated  re<|uired  larger  doses  and  a  considerably 
longer  time  (fourteen  days)  to  confer  immunity  upon  a  susceptible 
animal.  The  uuwanned  material  caused  a  considerable  deration  of 
temi»erature,  kisting  for  some  days.  The  authors  mentioned  con- 
clude from  their  investigations  that  tlie  toxic  substance  present  in 
cidtures  of  Micrococcus  pneumonije  crouposse  is  a  proteid  substance, 
which  thej'  propose  to  call  pneumotoxin.     The  substance  produced 


BACTERIA  IN  CROUPOUS  PNEUMONIA.  3i2l 

in  the  body  of  an  immune  animal,  as  a  result  of  protective  inocula- 
tions, upon  which  the  immunity  of  these  animals  depends,  is  also  a 
proteid,  which  they  call  anti-pneumotoxin.  This  they  isolated  from 
the  blood  serum  of  immune  animals.  By  experiment  they  were  able 
to  demonstrate  that  the  blood  serum  containing  this  protective  pro- 
teid, when  injected  into  other  animals,  rendered  them  immune  ;  and 
also  that  it  arrested  the  progjress  of  the  infectious  malady  induced  by 
inoculating  susceptible  animals  with  virulent  cultures  of  the  micro- 
coccus. When  injected  into  the  circulation  of  an  infected  animal 
its  curative  action  was  manifested  by  a  considerable  reduction  of 
the  body  temperature. 

While  the  micrococcus  of  pneumonia  is  not  usually  seen  in  the 
blood  in  cases  of  pneumonia  it  is  probably  present  in  small  numbers, 
and  secondary  infection  of  the  kidneys  appears  to  be  a  common  occur- 
rence. Thus  Frankel  and  Reiche  (1894)  report  that  in  twenty-two 
cases  out  of  twenty-four  in  which  they  had  an  opportunity  to  exam- 
ine the  kidneys,  this  micrococcus  was  present.  It  was  found  espe- 
cially in  the  larger  branches  of  the  veins  and  arteries,  but  also  in  the 
intertubular  vessels  and  the  glomeruli.  The  kidneys  gave  evidence 
of  degenerative  changes,  and  it  is  probable  that  the  "  pneumococcus  " 
-would  have  been  found  in  the  urine  of  some  of  these  cases  if  a  bac- 
teriological examination  had  been  made  during  life. 
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VI. 

PATHOGEOTC   MICROCOCCI   NOT  DESCRIBED   IN 
SECTIONS  IV.   AND  V. 


t».     mPI.OCOCCUS   INTRACELLULARIS  MENIXGITIDI8. 

Dls<'OVh;KKl)  l>y  Wciclis<;lbaum  (1S87)  in  the  exudate  of  c«rebro 
spinal  mwninjjntiH  (six  ojises).  for  the  most  part  within  the  cells. 

Morpimloijii. — Micrococci,  usually  united  iu  pairs,  in  groups  of 
four,  or  in  little  masses;  sometiuit'S  solitary  and  larger  (probably 
being  up<jn  the  point  of  dividing).  Distinguished  by  their  presence 
in  the  interior  of  pus  cells  in  the  exudate,  in  tliis  respect  resembling 
the  gonocOccUH. 

Statu  ba-^t  with  Loffler's  alkaline  solution  of  methylene  blue. 
Dr>  not  retain  their  color  when  treated  with  iodine  solution  (Gram's 
inethfKl). 

Biolofjivttl  Characters. — This  micrococcus  does  not  grow  at  the 
room  temjieratnre.  but  upon  nutrient  agar  an  abundant  development 
occurs  ill  the  incubating  oven.  Upon  the  surftw-e  of  agar  a  tolerably 
luxuriant,  viscid  growth,  which  by  rettectod  light  is  gray  and  by 
transmitted  liglit  grajnsh-white  ;  along  the  line  of  puncture  growth 
occura  only  near  the  surface,  indicating  that  this  micrococcus  mil 
not  grow  in  the  absence  of  oxygen.  Upon  plates  made  from  agar- 
agar  (one  i>er  cent)  and  gelatin  (two  p^T  cent)  very  small  colonies  are 
forinod  in  the  interior  of  the  mass,  and  larger  ones,  of  a  grayish 
color,  on  the  surfjico.  The  f tinner,  under  the  microscope,  are  seen  to 
be  round  or  slightly  irregular,  tiiiely  granular,  and  of  a  yellowish- 
brown  colon  The  superficial  colonies  have  a  yellowish-brown  nu- 
cleus, surrounded  by  a  more  traiLsparent  zone.  The  growth  upon 
coagulated  blood  seriun  is  very  scanty,  as  is  that  in  bouillon  ;  no 
gro\vth  occurs  uiMin  potato.  This  micrococcus  quickly  loses  its  jxiwer 
of  i-eproiluctioti  in  artificial  cultures — within  six  days — and  should 
be  transplanted  to  fresh  material  at  short  intervals — two  days. 

PafJiugeiiv.'ii.s. — Slice  are  especially  susceptible,  and  usually  die 
within  forty-t>ight  lioura  after  inoculation.  Also  pathogenic  fur 
guinea-pigs,  rabbits,  and  dogs. 
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10.    STAPHYL.OCOCCUS    SALIVARICS   PYOGENES. 

Obtained  by  Biondi  (1RS7)  from  an  inoculation  abscess  in  a  guinea-pi* 
injected  subcutauuousljr  with  saliva  from  a  cliild  sutfering^  from  scarlatina 
ctng^i  rioMa. 

Morphology . — Spherical  cocci,  0.3  to  0.5.  «  in  diameter,  usually  solitary  iu 
tlie  pus  of  abscesses  or  in  irre;;ular  agg'lomeralions. 

Stains  best  Ly  Grarn's  nietluHi. 

Biological  Characters. — Gwjavs  at  a  comparatively  low  temperature 
<12'  to  14'  C),  and  more  rapidly  in  the  incubating  oveu.  In  gvelalin  slick 
cultures,  at  the  room  temperatin-e,  growth  occurs  alonir  the  line  of  punc- 
ture, and  at  the  end  of  ei^'ht  days  liqin^faction  commences  in  the  form  of 
a  funnel,  at  the  boHotu  of  which  little,  white,  nhining'  nisissea  accumu- 
late, while  at  the  surfiu'e  of  the  liipiefied  eelalin  a  wliite,  viscid  layer  forms. 
In  gelatin  plates  spherical,  well-deliiied,  oiwlescent,  whitish  c<tlouiea  are 
formed,  which  cause  a  tardy  litiuefactinn  of  the  surrtmndiiig  g'phitin.  Upon 
agar-a^r  the  growth  is  rajMd,  in  the  fonn  of  a  tliick  layer  along  the  line  of 
inLx;uIalion  in  strouk  cultures,  which  has  a  brciidtii  of  alxiut  one  luillitnctro 
at  the  end  of  twenty-four  hours  in  the  incubatine:  oven,  and  presents  an 
orang'e-yellovv  color  at  the  centre,  fading  out  to  white  at  the  margins.  The 
vellow  color  is  ni>t  bj' any  means  as  pronounced  :vs  in  similar  cidlures  of 
StaphyhxTicciis  pyogenes  aureus,  and  liquefaction  of  {jelatin  is  much  slower. 

Pathfxjeiiesia. — Prmiucos  a  locul  abscess  wlien  iiHK-ulate<l  into  dogs,  rab- 
bits, guinea-pijfs,  or  mice.  When  injected  into  the  anterior  chamber  of  the 
eye  of  rabbits,  hypopyon,  followed  by  spontaneous  perforation  of  the  cor- 
nea, resulted.  Injected  into  the  cirtuilation  of  a  cruinea-piff  (0.2  to  0.4  cubic 
centimetre)  it  gave  rise  to  general  infection,  and  death  at  llie  end  of  eight  to 
ten  days. 

11.    MICROCOCCUS  OF   PKOfiKESSIVK  TISSUE   NKt'ROSIS   IV   MICE. 

Obtained  by  Koch  (1870)  fi-oin  miee  inoculated  subcutaneously  with  putrid 
blood. 

Morphology. — Rourul  cell.s,  0.;"!;i  in  diameter,  unttediu  chains,  orat times 
in  crowded  masses. 

Biological  Characfcrfi  not  given. 

PathogeiiPJti.<*. — C'auses  necrosi.s  of  the  ti.ssues  in  the  vicinity  of  the  point 
of  inoculation  in  mice,  which  extends  rsipidly  and  causes  the  death  of  the 
animal  in  about  three  days.  The  bhHid  and  internal  organs  remain  free  from 
micrococci.     (Possibly  a  very  patho^^-iuiic  variety  of  Streptococcus  pyogeues?) 


13.    MICROCOCC08  OF  PROGRESSIVE 

RABBITS. 

Obtaineil  by  Koch  (1879)  from  rabbits 
inoculated  willi  putrid  blood. 

3/o/7)/jo/oyi/.— .Minute  cocci,  about  O.l.S  « 
in  diameter,  usually  a.s.socialed  in  thick, 
cloud-like  zo'igloea  masses. 

Biological  Characters  not  given. 

Pathogenejtiii. — In  rabbits  an  extensive 
abscess  forms  in  the  vicin  ity  of  the  point  of  in- 
oculation, and  the  animal  dies  in  about  twelve 
da^s.  The  wal  Is  of  the  aliscess  are  formed  of  a 
tliin  layer  of  micrococci  associated  in  zi>ijg- 
Icea  masses;  the  interior  contjiins  finely  gran- 
ular, cliei^sy  material,  in  which  the  cticci  af>- 
pear  to  have  degenerated  and  perished.  The 
contents  of  the  abscess  inject<-d  int<j  otlior 
rabbits  produce  a  similar  result  The  micro- 
coccua  does  not  invade  the  blood. 


ABSCESS  FORMATION  IN 
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Fio.  9S.— Hlcrococcusof  proKTeaslTs 
tissue  necrosia In  mice;  section  nf  th* 
ear;  a.  cutilaee  cells;  6,  Blreptococci. 
CKocb.> 
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13.      MICl«>C<K'CrS   t)K   PY.KMIA  IN   RABBITS. 

O,-,!  Obtained  by  KfX'h<l879)  in  rabbits  iuoculated 

subcutaireonsly  with  jjutfefviag  flesh  infusiou. 

Mwphologtf, — Round  cells,  0  25  u  in  diiimeter, 
solitary  or  in  jiairs,  which  iisually  surround  the 
btood  corpuscles  in  a  characteristic  manner. 

Biological  Chamrterx  not  given. 

Pathogenesis. — When  injected  subcutaneously 
in  rabbits  the  bloud  is  invatletl  and  death  occurs 
from  g'enemi  infection.  At  the  auU>psy  a  puru- 
lent infiltration  i.s  found  at  the  point  of  injection, 
there  is  peritonitis,  and  inottistatic  abscesses  are 
found  in  the  lungs  and  liver.  Numerous  micro- 
cocci, closely  surrounding  the  blootl  corpuscles, 
are  found  in  the  capillaries  of  the  various  oi-y-aus, 
the  ijlood  of  till.'  heart,  etc.  Two  or  three  drotw  of 
blood  from  the  iieari  of  a  n\bbit  recently  dead,  in- 
jected into  another  animal  of  the  same  species, 
cause  its  death  in  about  forty  hours. 


Via.  B7.  —  Ulerococciu  of 
pyiL-inia  in  rabbits.  Id  capil- 
Iiii-y  from  ihe  cortio-oJ  portion 
of  thekiiliK-y.      -TOO.    ^Koch.) 


14.      MICROCOCCCTS   OF  SEPTICEMIA    IN   RABBIT.S. 

Obtained  by  Koch  {187SJ)  from  rabbits  inoculated  subcutaueously  with 
putrefying'  Hesli  infusion. 

Montltitlofjif. — Oval  cells,  having  a  lon.^- diameter  of  0.8  to  1.0  m- 

Biitloijir.nl  Cfifimvters  not  given. 

PaihoijeneHis. —  VraducQS.  geneiiil  infection  and  death  in  rabbits  and  mice. 
At  tile  autopsy  sliifhi.  oedema  is  observed  at  the  point  of  inoculation;  the 
spleen  is  tjrfMitlyonlare^od;  no  peritonitis  and  noemljolic  processes  arc  found, 
such  as  chamctei'i7,e  the  pathogenic  ac'tion  of  ttie  last -described  species  (No. 
13) ;  nor  do  the  cocci  accumulate  ari>und  the  re<i  blootl  cor[iuscles.  They  are 
found  iu  the  capillaries  of  the  various  oi-yans  in  masses,  and  especially  in 
the  glomeruli  of  the  kidneys, 

15.      MICROCOCCCa  SALIVARIU8  SEPTICUS. 

Obtained  bv  Bioudi  (18S7)  from  the  saliva  of  a  case  of  puerperal  sepUc80- 
miii.  by  inoculations  into  animals. 

.Voiyjyjo/of///.— Splierical  or  slightly  oval  cocci,  which,  when  in  rapid  mid- 
tiplicatiovi,  sliow  slight  lateral  protrusions. 

Bioln()iful  Cliainctem — Grows   in    nutrient  gelatin  or  agar  at  a  leni- 

f)er!itui*e  of  IS"  to 2(1  C.  and  nii>i"e  rapidly  in  the  incubuting  oven.  Dties  not 
iquefy  gelatii).  In  gelatin  platt^.s  forms  spherical,  grayish-whit«  colonies, 
which  may  acquire  a  dark  color.  In  gelatin  slick  cultures  prows  along  the 
line  of  puncture  in  the  form  of  a  column  made  up  of  crowded  white  colo- 
nies.    Very  scanty  growth  on  potato, 

StainH  with  all  the  aniline  colors  and  by  Gram's  metliod. 
PatkogenesiH. — Produces  genera!  ttifection  and  dealh  in  from  four  to  six 
days  when  inoculatetl  into  mice,  guiuRa-piirs,  or  rabbits.  The  ciwci  are 
found  in  great  numbers,  ofiini  jissernhlod  in  masses,  in  the  cai)illaries  of  the 
various  organs,  but  no  evidence  of  iiilbuntnatory  reaction  of  the  tissues  is  to 
be  olxserved. 


IK.      MICROCOCCUS  8UBPLAVUS  (Fliigge). 

Si/noni/m.  — Yellowish-white  diplncoccus  (Bumm). 

Obtained  b^v  Bumm  (1S85)  from  the  lochiiii  discharge  of  puerjieral  women 
and  from  vaginal  mucus.     Has  also  been  obtAined  from  the  uriue  in  ca«« 
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of  vesical  catarrh,  and  iu  the  vesicles  of  pempliiffus  ;  also  by  Friiiikel  in  the 
vag-iiinl  socretiou  of  children  suffer!  iig  from  colpitis  not  of  goiimTlirpal  oriein. 

Morphology. — DipJococci,  associated  in  biscuit-shaped  pairs,  sepanited  by 
a  cleft,  and  closely  resembling  the  gonococcus  of  Neisser.  Cells  from  0.5  to 
1.5  u  in  diameter. 

Stains  witli  tin?  aniline  colors  and  l>y  ^'rain.'s  mc/Aof/— by  which  char- 
acter it  may  be  tlistiu^'uisheil  fmm  the  microciwcus  of  gonorrhiea. 

Biological  Gharactern. — (Ti'owsat  the  room  len:i>erature  upon  the  surface 
of  nutrient  {'■eialin;  small,  (j;rayisb- white  colonies  appear  alontr  th<^  line  of 
inoculation  at  the  end  of  twenty-four  hours,  wliich  latei-  form  a  contUieiit 
layer,  lirst  of  a  nale  yellow  and  finally  of  aa  ocherous  c<ik>r.  lii  ihe  cimi-se 
of  a  few  days  liquefaction  of  the  gelatin  commence.s  in  the  vicinity  of  the 
growrth.     Coagulatod  blood  serum  is  also  liquefied  by  this  mtcroooccus. 

Pathogetiesiii. — In<x'ulation.'4upon  mucous  membraiK's  susceptible  to  gon- 
orrhoea! infection  aru  vviliiout,  result.  But  by  iujeciiiij;  the  diplococcus  from 
pure  cultures,  in  suspension  in  distilled  water,  beneath  the  skin  in  man, 
feumm  obuiiued  as  a  result  local  abscess  foruiation — abscesses  varying  in 
size  from  that  of  a  ]>i?eon'8  egg  to  that  of  a  man's  fist.  The  diplococcus  was 
preaeat  in  great  numhers  ia  the  pus  of  these  abscesses. 

17.     MICROCOCCUS   OF  TRACHOMA  (?). 

Obtained  by  Sattler  (ISS,")).  from  the  contents  of  the  trachomatous  follicles 
in  ca-sea  of  Egyptian  opbthalinia;  also  by  Michel  (IHWi.  who  has  given  a 
more  ejtaci  description  of  this  micrococcus,  and  Ivas  made  inoculation  experi- 
nientji  which  he  believes  esUibli-h  its  etiological  relation  to  the  form  of  oph- 
thalmia with  whicb  it  is  associated  (?). 

iWbrp/Kjfoj///.— Very  small,  biscuit  shape<l  micrococci,  in  pairs— diplococci 
— separated  by  a  very  narrow  dividing  line.  (Tliis  description  would  apply 
to  some  of  the  more  comnum  pus  cocci,  e.g  ,  Staphylococcus  pvfigenes  aureus. 
which  have  also  been  sbown  to  consist  of  two  hemispherical  halves  separated 
by  a  narrow  Hue  nf  divi.sion.) 

Biological  Characters. — (i-rows  slowly  upon  nutrient  gelatin  at  the  room 
temperature,  and  iloes  not  liquefy  tliis  medium,  upim  the  surface  of  which 
a  grayish-white,  broadly  extendeu,  glistening  layer  is  formed,  Avhich  later 
bas  a  yellowish  tintand  tulip-shaped  margins.  Splierical  colonies  areformed 
along  the  line  of  puncture,  wltieli  are  arranged  in  a  linear  series,  like  a 
chaplet.  In  blood  serum  it  grows  aloutr  the  line  of  puncture  as  a  white, 
band-like  stripe,  which  suKseqiicntly  spreads  out  in  the  form  of  white  clouds. 
The  growth  is  more  rapid  u]mii  nutrient  ai,'ar  or  bloml  serum  in  the  incu- 
bating oven.  The  development  ujjon  potato  is  yitv  scanty.  The  cultures 
are  viscid,  drawing  out  into  long  threads  whi-n  touched  with  a  pl.atinum 
Kieetlle     This  micrococcus  docs  not  gitjw  in  the  absence  of  o.xygen — acn>bic. 

Staiii.9  b}"^  the  aniline  colors  and  by  Gram's  metliod, 

Pathogenesi.t. — Not  pathogenic  for  rabbits  whf?n  injected  subcutaneously 
or  int«^  the  anterior  chamber  of  the  eye;  but,  according  to  Sattler  and  to 
Michel,  when  inoculated  by  puncture  into  the  conjunetiv;c  in  iniiti  it  causes 
lA  follicular  inflammation  resulting  in  typical  trachoma.  But  Michel  was 
not  able  to  demonstrate  the  presence  of  this  micrococcus  in  all  of  his  ca.ses, 
ajid  e.xleusive  researches  made  since  by  Baumgarten  and  by  Kartulis  (ISSTi 
show  that  in  many  ca-ses  of  trachoma,  and  even  in  Egyptian  ophtbahnia 
(Kartulisi,  itcaniiotbe  found.  Accortliug  to  the  last-named  author,  the  viru- 
lent ophthalmia  which  prevails  in  Egypt  is  gonm'rha?4il  in  its  origin,  and  he 
lias  deuioustrated  the  presence  of  the  gonococcus  in  a  large  series  of  cases. 
A  milder,  but  infectious,  acute  catarrhal  conjunctivitis  is  characterized  by 
the  presence  of  a  mitinte  bacillus,  re^sembliug  the  bacillus  of  mouse  sepLi- 
catmia,  and  found  in  the  pus  cells.  A  third  group  of  chronic  cases  with 
trachoma,  in  the  reseaivhes  of  Kartulis,  failed  to  show  the  presence  of  Sat- 
tler's  trachoma  coccus  or  any  other  microorganisms  ia  the  conteats  of  the 
diseased  follicles. 


PATHOOENIf   MICRCJCOCCl 
15S.   MICROCOCCUS  TETRAOENUS. 

by  Qaffky   (FluKKe).     Ol>taine*l    bj-   Koch  ml 
^^fi)  from  a  ca\'ity  iti  the  luni;  in  u  case  of  palmoaafj 
^   ;^c«  found  occasionally  in  nonnal    saliva  (thrt«  *mm  m 
>«samined  by  Biundi),  aiid  in  the  pus  of  aciite  afaanna 
.  fWk,  Vangel).     Rather  common  in  the  sputtim  of  pfatln- 

If. — Microc-(X-ci,  having  a  diameter  of  aKiat  aCM>  «. 
in  two  directions,  forming  tetratL*,  -which  are  eodami 
it,  jelly-like  envelope — espeeiiilly  Avell  (levelofwd  « 
y  Uood  and  tissues  of  inoculattHi  animals.  In  coltuns  Ife 
BCQ  in  the  variouH  stages  of  division,  as  large  aiiida  e^ 


•'C- 

*,*• 


na.  W  — Mlcrrococcof  t«tn«eniia;  Mction  of  lung  of  roooan. 
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-g^  of  oval  elements,  or  groups  (if  fonr  resultinfc  from  the  ^rmi^ 
y^ft^>  division  vf  these  latter, 

N  ,///,v  (jiiickly  with  aiiiUne  colors,  and  in  preparntioiw  tma  U» 
^,^H.|  ,<(  an  iuLK-ulnted  animal  the  transparent  envelope  inajahD  b 
^^.»,t,  s»jiine<l.     Stains  also  by  Gram's  metliod- 

/of/ical  Charnctvrs. — This  mimx-otviis  ffTx>w»,  mthordowfv. 

,.tiiii(>nt  gelatin  at  the  ordinary' room  temperatiir©,  without  Bq*" 

,^  11. 11  of  the  gelatin.     Upon  gelatin  plat«s  small  white  cmlaoiwsi" 

J^vrl"!'*'^'  in  from  twenty-four  to  forty-eight  hours,  whioh  ozmIct^ 

j^^rii^rojie,  with  a  low  power,  are  st^en  to  l)t<  8pht<ncal  or  Vmm 

•  jIj^I^..!,  finely  granular,  and  with  a  mulberry-like  surfaosL     Vlhm 

•y  tvime  to  the  surfa«>e  they  form  white,  elevated,  and  nUhcrtUii 

•M    having  a  diameter  of  one  to  two  millinietT««.     In  oikM 

I  lures  a  broad  and  thick  whit«  mass  forms  upuQ  the  wiafv. 
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and  along  the  line  of  piinctiu*e  a  series  of  round,  milk-white  or  yel- 
lowish masHes  form,  which  usually  remain  distinct,  but  may  become 
confluent.  Upon  the  surface  of  agar  the  gro^vth  is  similar  to  that 
upon  gelatin,  or  in  streak  inoculations  may  consist  of  a  series  of 
spherical,  white  colonieH.  Upon  cooked  potato  a  thick,  viscous  layer 
is  foi-med  of  milk-white  color  ;  the  growth  upon  blood  serum  is  also 
abundant,  esf»ecially  in  the  incubating  oven.  This  micrococcus  is  a 
fa^Hiltative  anaerobic. 

PathtHjenesis. — Subcutaneous  inoculation  of  a  culture  of  this 
micrococcus  in  minute  quantity  is  fatal  to  white  mice  in  from  two  to 
six  days.  The  animals  remain  apparently  well  for  the  first  day  or 
two,  then  remain  quiet  and  somnolent  until  death  occurs.  The  cocci 
are  found  in  comi>anitively  small  numbers  in  the  blixjd  of  the  heart, 
liut  are  more  numerous  in  the  spleen,  limgs,  liver,  and  kidneys,  from 
■which  organs  beautiful  stained  preparations  may  Imj  made  show- 
ing the  tetrads  surrounded  by  their  transparent  capsule.  Common 
house  mice  and  field  mice  are,  for  the  most  part,  immune,  as  are  the 
rabbit  and  the  dog.  Guinea-pigs  sometimes  die  from  general  infec- 
tion, and  sumetimus  a  local  abscess  is  the  oidy  result  of  a  subcutane- 
ous inoculation. 


19.     MICHOCOCCUS  BOTRYOGENUS   (Rail©). 

Hynonijin.s. — Micnx'occus  of  "'  myko-desmoids  **  of  the  horse;  Mi- 
crococcus askoformaas  (Johne)  ;  Ascococcus  Johnei  (Cohn). 

First  described  by  Bollinger  (1870)  ;  morphologicid  characters  and 
locjition  in  the  disetised  tissues  described  by  Johne  (1884)  ;  biological 
characters  determhied  by  Rabo  (188<!). 

Is  found  in  certain  diffused  or  circumscribed  growths  in  the  con- 
nective tissue  of  horses — "  myko-desmoids." 

Morphology. — Micrococci,  having  a  diameter  of  1  to  1.5  ft,  usu- 
tilly  imited  in  pail's. 

In  the  tissues  the  cocci  are  united  in  colonies  of  fifty  to  one  hun- 
dred j.i  in  diameter,  and  these  are  a.*<soci{ited  in  mulberry-like  masses 
▼isible  to  the  naked  eye.  The  separate  colonies  are  enclosed  in  a 
homogeneous,  transi>arent  envelope — i\s  in  Ascococcus  Billrothii. 
This  is  not  the  case,  however,  in  cultures  in  artificial  media. 

Stains  with  the  aniline  colors. 

Biological  Characters. — In  gelatin  plate  cultui-es  spherictd, 
sharply  defiiiwl,  silver-gray  colonies  are  developed  ;  later  these  have 
a  yellowish  culor  and  a  metfdlic  lustre,  and  the  plate  presents  the  a])- 
pearance  of  being  powdered  with  grains  of  pollen.  It  gives  off  a 
peculiar  fruit-like  wtor,  reminding  one  of  the  o<lor  of  strawberries. 
In  gelatin  stick  cultures  growth  (H-curs  along  the  line  of  puncture  as 
a  j)ale  grajnsh-white  line,  which  later  becumes  milk-white ;   au  air 
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bubble  forms  near  thi>  siirftu^e  of  the  gelatin  ;    very  Hli^hl  Ui(uk* 
tion  tK'curs  in  the  iiniiieiliato  vicinity  of  the  lino  of  gnj\>-th.  Alidade 
a  tune  tho  grayish-wliite  thread  sinks  into  an  irregoiljir  nmaB.  I 
at  the  Ivottom  tif  the  puncture.     Ujion  nutrient  eigar  Bcarudv  eart 
velojiment  ocrurs.     \J\Hn\  potato  the  growth  is  abundant,  in  tlwi 
of  a  pale-yellow,  circular  layer,  and  the  culttire  gfives  off  the 
odor  above  dej^cribed. 

PathogenesiH. — When  inoculated  into  gruinea-pigs  genenl  iaiv- 
tion  find  death  ri'sult.  In  slun^p  and  goats  it  produces  a  loodis- 
dainmatory  cjedema  unci  somc^timcs  necrosis  of  the  tiasnea.  In  I 
inoculated  subcutaneously  an  inflammjitt)ry  cedema  first  oocom  I 
IowlhI  at  the  end  of  f rcjni  four  to  six  weeks  by  the  dev(^«]upni«<ot  «jf  i 
growths  in  the  connective  tissue,  resembling  the  tuniure  fnanl  ii 
cii>se8  of  the  disease  in  the  animal  from  wliich  the  micmoura*  a 
4pit'stiou  waa  first  cnltivat^SHl.  These  tuniora  contain  c\ 
mulborry-liku  conglomerations  of  colonies  made  up  of  the  ooaet^ 

20.     MICROCOCCUS   OF   MAXKREDI. 

Synonym. — Micrococcus  of  progressive  granuloma  funnatiaa. 

Ohtaiiu'd  by  Manfrcdi  (lS8(j)  from  the  sputum  of  two  cmmmii 
croupous  pneumonia  following  meiisles. 

Morphuloifi/.—Ovul  microc«x;ci,  having  a  diameter  of  0.6  to  1.0  ^ 
and  from  l.i)  to  1.5  ;/  in  length  ;  usually  luwociatetl  in  paira,  aadia^ 
casioually  in  short  chains  containing  three  or  four  elemt^tik. 

Stains  with  the  aniline  colors  and  by  Gram'H  method. 

Bi'olnijiciil  Characters. — Aerobic;  does  not  liquafj*  grli*" 
Upon  g<:'lutin  plates  forms  email,  spherical  colonies,  at  firat  giayit 
white,  which  spread  out  u}>on  the  surface  as  thin.  trHn«paz«it  pLi**- 
which  by  tran.smittod  light  have  a  bluish,  by  reiloctcd  light  a  pant- 
gray  color.  L:it«:<r  tht>si4  become  thicker  and  have  a  pettriy  ImIk 
Under  the  niicrostu)|ie  (forty  to  fifty  diameters)  the  oolon{c0  aivaM 
to  be  slightly  granular  and  the  margins  have  an  irroi^alar  antfiK. 
In  g«>latin  stick  cultures  a  scanty  growth  occurs  lUon^  tbv  &*ii 
puncture,  and  a  rather  thin  and  limited  growth  j|.bout  the  peiid«l 
inoculation.  Upon  blotxl  serum  a  thin,  greeniah-yellow  Inrer. 
hits  irregular  margins  and  a  slightly  g^ranular,  shining  sar£a(a,i 
develoi>e<l.  The  gro\N-th  n\Hyn  potat<^».  at  37"  C,  la  Mcnnty, 
sists  of  a  very  thiti,  moist  layer,  which  has  a  yelluwitth  color  and ' 
slightly  granular.  Qrowth  occurs  in  favorable  media — U^nilW. 
gelatin — at  temperatures  of  18°  to  48°  C,  but  ceases  at  a  tgnipwstar 
of  48''  t<.  Mf  C. 

Pathogenesis. — Pathogenic  for  dogs,  rabbits,  |{ntnoa-|agi[> : 
and  birds.  In  mammals  the  princii)a,l  patltolitgicul  -prrmrw* 
suiting  from  infection  consists  in  the  formatiou  of   *' t^rwuilalkal 
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mors  "  in  the  parenchymatous  organs.  Tliese  vary  in  size  from  that 
of  a  niillet  seed  to  that  of  a  pea,  and  undergo  caseation.  They  con- 
tain the  micrococcus  and  are  infectious.  Manxraals  die  in  from  nine 
to  fifteen  days  ;  birds  in  from  one  to  three  or  four,  and  without  the 
formation  of  the  characteristic  granidoma,  but  with  general  infec- 
tion of  the  blood.  Cultures  which  have  been  kept  fur  several  months 
retain  their  pathogenic  power. 

21.      MICROCOCCUS   OF  BOVINE   MASTITIS   (Kitt). 

Obtained  by  Eitt  (188S>  from  the  udder  of  cows  suffering  fi-om  mastitis 
and  piviiijr  milk  mixed  with  pus. 

Moi'])hol<Mjf/. — Micrococci,  having  a  diaujeter  of  0.2  to  0.5  ;/,  sohtary, 
united  in  pairs,  in  irregidar  groups,  and  occsisionaUy  in  chains. 

StnirtH  with  the  aniUne  colors. 

Biological  Cfiamcters. — Does  not  liquefy  gelatin.  Upon  gelatin  plates 
forms  spherical,  translucent,  glistening  colonies,  the  size  of  a  hemp  seed  to 
that  of  a  pin's  head;  in  gelatin  stick  cultures  a  nailshapwl  growth  occurs, 
the  mass  at  the  point  of  puncture  being  opaque  and  of  a  white  color.  Upon 
potato,  colonies  are  quickly  developed  which  have  a  grayish-white  or  dirty 
yellow  color,  and  after  a  few  days  have  a  shiuing,  waxdike  appt^arance. 
Grows  rapidly  in  milk,  causing  an  acid  reaction;  in  .six  hours  in  the  incu- 
bating oven  the  milk  Ls  pervaded  by  the  micrococcus,  or  in  twelve  hours  at 
20^  C. 

Pathogenesis. — Iniection  of  pure  cultures,  suspended  in  distilled  water, 
into  the  mammary  glands  of  cows,  produces  typical,  acute,  purulent  mas- 
titis (Kitt).  The  micrococcus  produced  the  same  result  after  having  been 
cultivated  in  artificial  media  for  a  year.  Subcutaneous  inoculations  in  cows, 
pigs,  guinea-pigs,  i-abbits,  aud  mice  were  without  result.  Injections  into 
the  mammary  gland  of  goats  wei-e  also  without  effect. 


22.      MICROCOCCUS  OF  BOVINE   PNEUMONIA   (?). 

Lsolated  by  Poels  and  Noleti  {18S6)  from  the  lunM  of  cattle  suffering 
from  ■•Lungenseuche"  (infectious  pi  euro-pneumonia  of  cattle). 

Morphology. — Micrococci,  varying  considerably  in  size — average  dia- 
meter 0.9  w;  solitary,  in  pail's,  or  in  chains  containing  sevend  elements;  sur- 
rounded by  a  transparent  cap.sule,  which  stains  with  ditlicultv'. 

Stains  with  aU  the  aniUne  colors,  and  with  ditlkulty  by  Gnim's  method. 

Biological  Chardcteia. — Does  not  liquefy  gelatin,  and  grows  like  the  ba- 
cillus of  FriedUinder  in  gelatin  stick  cultui-es  (uail-shaiied  growth).  In  gela- 
tin plates  the  colonies  are  spherical,  white,  and  have  a  very  faint  yellowish 
tinge.  Grows  more  rapidly  on  agar  in  the  incubating  oven,  and  upon  po- 
tato in  the  form  of  a  very  pale  yellowish  layer.  Is  destroyed  by  a  tempera- 
ture of  Gfi'  C.  maintained  for  liftcen  minutes. 

Pathogenesis — Pure  cultures  injected  into  the  lungs  of  dogs,  rabbits, 
and  guinea-pigs  are  said  to  give  rise  to  pneumonic  infhnnmation,  and  simi- 
lar results  were  obtainetl  by  injection  into  the  tniclica  of  dngs  and  by  in- 
halation e.vixM'iments.  Injection  of  a  pure  culture  into  the  hingsof  a  cow 
caused  extensive  pneumonic  changes;  but  these  did  not  entirely  correspimd 
with  the  appestrances  found  in  the  lungs  of  cattle  sutfering  from  infectious 

fmeumonia.     Cuttle  inoculated  with  a  pni-e  culture,  by  meaos  of  a  sterilized 
ancet,  did  not  fall  sick,  but  are  believed  by  Poels  and  Nolen  to  have  been 
protected  from  the  disease  by  such  inoculations. 

The  specific  relation  of  the  micrococcus  above  described  to  the  disease 
■with  which  it  was  associated,  in  the  i*esearches  of  the  authors  mentioned,  has 
not  been  established  by  fiubsequeut  in  vestigatious, 
22 
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23.    STKEFTOfOCCUS  SEPTICUS    (Flugge). 

Found  by  Nicolaier  and  by  Guarneri  in  uncleaii  soil  during  nHUtfe 
made  in  FJiipge's  labnralory  in  (jottingen. 

Aforphology. — Caiiiiiot  be  distinguished  from  Streptococcus  pjotmw.fcw 
does  not  »o  constaDtly  form  chains,  being  found  in  tne  tiasiies  of  tmodktai 
animals,  for  the  most  purlin  pairs. 

Biological  (7ftar«o(ers.  — Orowsmoreslowlj'  than  Streptococcus  pjmi— 
in  gelatin  plates  very  minute  colonies  first  api^ear  at  the  end  of  tlireeorfoor 
days,  or  along  the  line  of  puncture  in  gelatin  stick  cultures  after  firvoria 
days.     Does  not  liquefy  gelatin. 

Pathoi/'ineHi:i. — ^Is  very  patliDgenic  for  njice  aud  for  rabbits,  canan^ii^ 
from  general  infection  in  two  or  three  days. 

24.    STREPTOCOCCUS   BOMBYCI8. 

iS^nonj/nt.  — Micmzyma  bonibycis  (B^hatnp). 

Found  in  the  bodies  of  jiifecte<I  silkworms  autfering-  from  tajktc: 
(maladie  des  moi-ts-plats).     Etiological  relation  established  byPaatmr. 

Morphology. — Oval  cells,  not  e.xceeding  1.5//  in  diameter,  in  |wir^ 
chains. 

Biological  Characterjf. — Not  determined  with  precision. 

Pathogenenix, — The  infected  silkworm  ceases  to  eat,  becomes  wntX 
dies.  Its  body  issoftarul  dirtliient,  and  at  the  end  of  tw^enty-four  U>  T 
eight  hours  is  filled  with  a  dark-brown  fluid  and  with  gaa. 


25.    NU8EMA   BOHBYCIS. 

,S',ynnn?/m.si. — Micrococcus  ovutus;  Panhistophyton  ovatum. 

Finiud   in  the  blo^Kl  and  all  of  the  organs  of  silkworms  iafci 
pebrina  (Fleckenkrankheit), 

First  observed  by  CiH'iialia.     Etiological  relation  established  br  F> 

Morphology. — Shining,  oval  cells,  tnree  to  four  u  lon^  and  two^ 
solitary,  in  pairs,  or  in  irregular  piinn«. 

Biological  Charactern. — Not  determined  with  precision. 

Pathogenesis. — Dark  spots  appear  u[x>n  the  skin  of  infected  wlkwuiim 
which  lase  their  appetite,  become  slender  and  feeble,  and  soon  dift.  TW 
oval  corpuscles  are  found  in  all  of  the  organs,  and  alao  in  thoiwirf 
buttcrHies  hatched  from  infectetl  larvse.  Some  authors  ar«  of  tb«  o, 
that  the  oval  crvrpuscles  found  in  tliis  disease  do  ixit  belong'  to  ibr 
ria,  but  to  an  entirely  ditfereot  class  of  microorganisuui — the  H 
(Metschnikoff). 

26.    MICROCOCCUS  OF  HEVDEXREU'H. 

Sgnonums. — Micrococcus  of  Biskra  button — Fr.  "rlou  de  Biakfa";  fi^. 
"  PdndeacDe  G«ach  wu  r. " 

Found  by  Heydenreich  (1S88)  in  pus  and  serous  fluid  obtained  tRnte 
tumors  and  ulcers  in  the  Orientjil  skin  alFeotioti  known  as  Biakn  btttlea. 

AforpAf»/o(///.— Diplococci,  from  0.86  to  1  /i  in  len^fa,  aunuaadid  tes 
capsule;  HiJtiietimes  associated  to  form  tetrads.  ^ 

StaiiLH  with  the  usual  aniline  colors. 

Biulo{jicfd  Characters. ~\u  aerobic,  litiuefying  iiiirmcoccus  Gfwva 
the  usual  culture  media  at  the  room  teuiperature.  li>  >i>  Itwii,^  i^fi^  evitwvi 
at  20' C,  at  the  end   of  fortv-eiglit  hours  gr»)wtli  aloog^  ihelintrf 

puncture  in  the  form  of  smaJl,  crowded  colonies,  "  ,'J"odt»c«ai 

white   line;  upon   the  surface  a  thin,  circular  layer  uf  a    rellowM 
color  is  developed.     At  the  end  of  three  to  fourdsys  iiquefi«rti<tn  r.» 
near  the  surface,  wheiv  a  funnel  is  forme<l  which  c.xLend-N 
fourteenth  day,  when  the  gelatin  is  completely  liquetied. 


NOT  DESCRIBED   IN  SECTIONS   IV.    AND   V. 


331 


of  agar,  at  37°  C,  a  grayish- white  or  yellowish  layer  is  formed  at  the  end  of 
twenty-four  hours,  which  has  a  vaniish-like  liisli*.  Upon  potato,  at  iSO°  to 
35°  Cat  the  end  of  forty-eight  hours  a  white  or  yellow  layer  has  de- 
veloped. 

Pathogenesis. — According  to  Heydenreich,  inoculations  in  rabbits,  dops, 
chickens,  horses,  and  sheep  cause  a  skin  atFection  which  is  identical  witli 
that  wliich  characterizes  Biskra  button  in  man.  When  rubbed  iiito  the 
healthy  skin  of  man  it  also  produces  the  development  of  abscesses. 


a?.    MICROCOCCUS  OF  DBMMK. 

Synonym. — Diplococcus  of  pemphig-us  acutus  (Demme). 

Obtained  by  Demme  (1886)  from  the  contents  of  the  bullaB  in  a  case  of 
pemphigais. 

Morphology. — Micrococci  of  from  0.8  to  1.4  ft  in  diameter;  usually  united 
in  imii-s  resembling  the  "gonococcus"  and  having  a  length  of  1.8  to  3  z^, 
very  opaque  and  not  surrounded  by  a  capsule;  usually  associated  in  irregu- 
l&r  ma.sses. 

Biological  Characters. — .4proWc  micrococci.  Do  not  grow  at  the  room 
temperature.  Upon  agar  plates,  at  37'  C,  at  the  end  of  Ihirty-si.v  to  forty- 
eight  hours  milk-wliite,  spherical  colonies,  w^hicli  project  above  the  surface, 
are  developed ;  later  club-shapeil  outgrowtlis  form  amund  the  periphery  of 
the  colony,  giving  it  the  appearance  of  a  rosette,  or  sonietinie.s  of  a  bunch  of 
^rape.s.  At  Die  end  of  two  weeks  the  surface  is  eovere<l  with  smooth  projtM- 
Uons  and  has  a  cream-like  color.  In  streak  cultui-es  upon  agar  a  similar 
growth  occurs  along  the  irapfstrich,  having  club-like  projections  and  stalac- 
tite-like outgrowths.  Growth  also  occurs  upon  potato  at  a  temperature  of 
37'  C.  This  micrococcus  develops  slowly  in  the  incubating  oven,  and 
scarcely  any  growth  occurs  at  a  temperature  bflow  32*  C. 

Pathogenesis. — Tlie  injection  of  a  pure  culture  into  the  lungs  of  guinea- 
pigs  gave  rise  to  emaciation  and  debility  and  to  the  formation  of  foci  of 
oroncQO-pneumonia,  the  size  of  a  pea,  in  the  lungs. 
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28.  STKEPTOCOCCU8  OF  MANNEBERO. 

Obtained  by  Manneberg  (1888)  from  the  urine  in  acute  cases  of  Bright's 
disease. 

MorpJiology. — Micrococci,  about  0.9  ^  in  diameter,  solitary,  in  pairs,  or 
iu  chains  of  six  to  ten  elements.  Does  not  differ  in  morphology  from  Strep- 
tococcus pyogenes. 

Stains  with  the  usual  aniline  colors  and  also  by  Gram's  method. 

Biological  Chafoctrt'tt. — .\n  aerobic  And  facultative  anaerobic  micro- 
coccus, wliich  slowly  ppiKluces  a  viscid  aofltuiiig  of  nutrient  gelatin.  Grows 
in  the  usual  culture  media  at  the  roimi  temperature.  In  gelatin  stick  cul- 
tures forms  a  white  stripe  alongthe  line  of  punctui-e,  which  consists  of  small 
colonies.  At  the  end  of  three  or  four  week.s  a  funnel  is  formed  cmitaiuing 
very  viscid  liijut'lied  golatin,  and  at  the  same  time  brush-like  outgrowths  are 
seen  along  the  line  of  development.  Upon  the  ^fia/ac*"  e>/  agar  the  growth 
resembles  that  of  Htreptot'oc'cus  pyogenes,  but  is  somewhat  more  abundant. 
\]Y>on potato,  at  37  C,  at  the  end  of  four  or  Jive  days  white,  drop-like  eolo- 
niesare  develoj>e<J  of  about  0,5  millimetre  in  diameter;  these  become  con- 
fluent and  form  a  slimy  layer.  Milk  becomes  strongly  acid  and  coagulates 
within  twelve  hours  when  inoculated  with  this  micrococcus. 

Pathogenesis. — Subcutsmeous  injection  of  0.75  to  1  cubic  centimetre 
causes  the  formation  of  a  local  abs<'es.s  in  dogs  and  rabbit.s.  Intravenous 
injections  produce  inlbiinmatory  changes  in  the  kidneys;  at  the  end  of  three 
or  four  days  the  urine  contains  red  blood  corpuscles,  renal  Qpithelium,  blood 
casts,  albumin,  and  streptococci. 
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29.  MICROCOCCUS  KND0CARDITIDI8  KCGATUS  (Weichaelbaum). 

Obtained  by  Weichselbaum  (1890)  from  the  affected  cardiac  Talr«t  in  t 
fatal  cfise  of  ulcenitive  endocaniitis. 

Morphologu. — Micrococci,  resembling  the  staphylococci  of  pas  in  diiwa 
sions  and  nnxle  of  grouping';  solitary,  in  pairs,  in  groups  of  four,  or  ia  V- 
regular  niasHOS. 

Biological  Ctiaraciefs. — An  aerobic  micrococcus.  I>oes  not  f^ramttlht 
room  teraijei-alure.  Upon  agar  plaifi*,  at  37'  C  at  the  end  of  Uu«e  or £av 
days  the  superficial  colonics  consist  of  a  sniali.  bro^vn,  ceutral  niMiar- 
roundcd  by  a  granular,  semi  tratispureut,  grayish  marginal  sone;  gmiMBf 
they  attain  a  cnaractei'istiu  wrinkled  ap|>eurance;  the  deep  coloniaa,  uuhtt 
low  power,  are  irregular,  flncly  granular,  and  contain  a  lai^  ectttimL  J*i 
low^-brown  uueleus  surrounded  by  a  narrow,  grayish -brown  pet^BBa. 
zono.  In  a  (^ar  stirk  eii/ff'r<p,s  small,  spiherical  colonies  are  formratiMBfti 
surface,  which  become  conHucnt,  forming  a  grayish-white,  wrinkledhyir 
which  has  a  stearin-like  lustre  and  is  very  viscid ;  a  scanty- growtk  nOBtm 
along  Ike  lino  of  puncture.  Upon  potato,  at  ST"  C  ,  a  scanty  diBTwiafmmA 
occurs  in  the  form  of  a  small,  dry,  pale-brown  mass.  Upon  binod  aatm 
isolated  or  coulhient,  calnrlF>.s.s  colonies  are  formed  the  size  of  a  pappy  tmi. 
these  are  closely  adherent  lo  tlie  surface  of  the  culture  niediuna. 

Pathogenesis. — When  injected  sulxiutaneously  into  the  ear  of  a  nbkil  . 
pnxluces  tumefaction  and  redness;  in  guinea-pigs,  formation  of  poa.  'Wkr- 
injected  into  tlie  circulation  of  dogs,  after  injury  to  the  aortic  valvM.  aa  « 
docanlitis  is  developed. 

30.    MICROCOCCUS  OF  aANGRENOUS  MASTITIS    IN   SHEEP. 

Obtained  by  Nocard  (1887)  from  the  milk  of  sheep  suffering  fmm  f»- 
Ifrenous  mastitis  (inal  de  pis  or  d'araignee),  a  fatjtl  dtseiixe  \rh>ch  B»fyfc» 
especially  si leep  which  are  being  milked  for  the  manufacture  of  riMactf 
Roquefort  and  elsewhere  in  France. 

Morphologi}. — Micrococci,  solitary,  in  pairs,  or  in  irregular  ^nxipa,  hlm 
bling  the  stapllyIoco<^ci  of  pus  in  dimensions  and  arraugeinenl. 

Stains  wiih  tlie  usual  aniliiio  colore  and  also  by  Qnun's  tnelbod. 

Bioloijiciil  Charaeters.^An  aerolite  and  facultative  anaerobic,  laqwff 
•JM^  mionjci>ccus.  Grows  at  the  runm  temperature  in  tlie  usual  i^StW*  ^ 
dia.  Upon  gelatin  j-^lates,  at  the  end  of  forty-eight  hours,  the  colottMSMC 
splierical  and  white  in  color;  under  a  low  power  the  su|)erflcial  oolooiwMi 
cnruhir  in  otiltinc,  homogeneous,  and  brown  in  color;  thoy  aiv  BunQoaM 
by  a  .scmi-transnarcnt  aureole  ;  liquefaction  around  the  superficial  euloai* 
occurs  sooner  tiian  around  those  beneath  the  surface  of  the  celatm.  ]• 
gelatin  stick  cultures,  at  18*  to  20'  C,  on  tiio  second  day  liquefactaooof 
gelatin  commences  near  the  surface  ;  by  the  lifth  day  a  {M>ucb  of 
gelatin  has  formed,  wbiich  has  the  shape  of  an  invertc<l  ootit';  at  thaLi 
of  this  an  abundant  deposit  of  micrococci  is  seen,  while  tlio  liquefied  i 
tin  above  is  clouded  throughout.  In  agar  stick  cultur^.a  drtreiotMB^vt- 
curs  utx>n  the  surface  as  a  thick  white  layer,  which  gTaduaUr  esM^ 
over  the  entire  surface,  and  after  a  lime  ae(|uire-s  a  ycllowinh  tint:  iisT«l» 
luent  also  occurs  along  tlie  line  of  puncture,  Upon  jH*lttto  a  thin.  T^n, 
g^jrish  layer  is  slowly  dcvelojied;  the  outline  i»  irr*»gular  and  tba  t^fM 
thicker  tlian  the  central  portion  ;  the  central  portion  of  tliis  layer  rniS^ 
acquires  a  yellow  color,  while  the  periphery  renuiins  of  a  dirtr-wUli  9 
grayish  color.     Btntxl  serum  is  liquefied  by  tliis  micrtK-oocus. 

I\itliogeneais. — A  few  dmns  of^  a  pure  culture  injtxrte*!  aubcutaneoMlr « 
into  the  mammarv  glantl  of  sheep  C4iuse  an  extensivo  inllamtnaiflcyolH* 
and  the  death  o^  the  animal  in  from  twenty-four  to  furty-ei^it  hoUA  A 
cubic  centimetre  injected  into  the  uiammary  gland  of  a  gottt  nniilnuwliwi^ 
•ult;  the  honto,  the  calf,  the  pig,  the  cat,  chickens,  and  et»neat-ptg«  nh^^Mwi^ 
to  be  immune.  Subcutane<^us  injoctious  in  rabbits  pruduoe  «u  extaasrvil^ 
at  the  point  of  inoculatiou. 


lOftt* 
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31.    STREPTOCOCCI'S   OF   MASTITIS   IN   COWS. 
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Obtfiiaed  by  Nocard  and  MoUereuu  (1887)  from  tlie  milk  of  cows  suffering' 
from  a  form  of  cbmnic  mastitis  (mflninnt«  (xmtaeieuse). 

Morphologu. — Spherical  or  oval  cocci,  a  little  leisa  than  one  ft  in  diameter, 
usually  united  in  long  chains. 

Stahis  with  the  usual  aniline  colors  and  also  by  Gram's  method. 

Biolngical  Characters. — Au  aProbic  and  facultative  anaerobic,  non- 
liquefying  streptococcus.  Grows  in  the  usual  cuUure  media  at  tlie  i"«>om 
temperature.  Develops  rapidly  in  milk  or  iu  bouillon  at  a  temperature  of 
16'  to  30'  C.  The  milk  of  a  cow  ButFering-  from  tiio  fc»rm  of  mastitis  pr<(duced 
by  this  micrococcus,  when  drawn  with  projMjr  precjiutious  in  sterilized  test 
tubes,  at  the  end  of  twenty-four  hours  is  acid  in  reaction;  the  lower  two- 
thirdfl  of  the  tube  is  filled  with  an  opaque,  dirty-white,  homogeneous  deposit, 
and  above  this  is  an  opalescent,  serous  fluid  of  a  bluish  or  dirty-yellow  or 
slightly  reddish  color,  according  to  the  age  of  the  lesion.  A  drop  of  thia 
milk  examined  under  the  microscope  shows  the  presence  of  the  streptococcua 
in  great  nonibers.   The  addition  of  two  to  five  })er  cent  of  glucose  or  of  gly- 
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Tta.  N.— Streptococcus  of  tnAstltls  la  cows  (Nocard). 


cerin  to  bouillon  makes  it  a  more  favorable  culture  medium;  the  reaction 
should  be  neutral  or  slightly  alkaline,  as  this  streptococcus  does  not  grow 
Tea<lily  in  an.  acid  Tnedium,  although  it  protluces  an  acid  reaction  in  media 
containing  sugar,  the  acid  formed  beinH;  lactic.  In  gelatin  stick  cultures  the 
growth  upon  the  surface  is  scanty,  in  the  form  of  a  thin  pellicle  around  the 
point  of  puncture;  along  the  line  of  inoculation  minute,  opaque,  granular 
colonies  are  developed,  which,  being  closely  crowded,  form  a  thick  line  with 
jagged  margins. 

In  agar  stick  cultitrea  the  growth  is  similar  but  more  abundant.  Upon 
the  surface  of  nutrient  gelatin,  agar,  or  blood  serum  a  large  number  of  mi- 
nute, spherical,  semi-transparent  colonies  ai'*:^  developed  along  the  impfstrich ; 
these  have  a  bluish  tint  by  retlected  light;  they  may  become  confluent,  form- 
ing a  thin  laver  with  well-defined  margins.  Upon  gelatin  plates,  at  16"  to 
18°  C,  colonies  are  first  visible  at  the  end  of  two  or  three  da j's;  they  are 
spherical  and  slightly  granular,  at  first  transparent  and  later  of  a  pale-yellow 
color  by  transmitted  light,  which  gratlually  becomes  brown.  At  the  end  of 
five  or  six  weeks  the  colonies  are  still  quite  small,  well  defined,  and  opaque. 

Pathogenesis. — Pure  cultures  injected  into  the  mammary  gland  of  cows 
and  goats  gave  rise  to  a  nia&titis  resembling  in  itd  develoitment  that  from. 
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which  t'i«  sli-eptococcus  was  obtained  in  tlie  first  instance.  Injections  into 
tlie  cavity  of  tne  abciomen  or  into  a  vein,  of  one  cubic  centimetre  of  a  pure 
cultuif,  gave  u  negutive  result  iu  dogs,  cats,  rabbits,  ami  g-iiiuea-pigs. 

32.    DIPLOCOCCTT8   OF  PNEUMONIA   IN   HORSES. 

Obtained  by  Schiitz  (1887)  from  the  lungs  of  horses  affected  with  pneu- 
monia. 

Aforj>hology.~Ova\  cocci,  usually  in  pairs,  suri-ouuded  by  a  homogene- 
ous, transpiirent  capsule. 

Does  not  slain  by  Gram's  methml. 

Biologival  CUiarufiers. — An  ai'rohic,  uon-liquefifing  inicnicoccus.  Grows 
at  the  riKmi  temperature.  Upiju  gelatin  plates  forms  small,  spherical,  white 
colonies. 

lugelatin  stick  ctiKurfs grows  along  the  line  of  puncture  as  small,  white, 
separate  colonies,  which  grow  larger  without  becoming  confluent.  Upon 
the  surface  of  agar  small  transparent  drops  are  developed  along  the  iznpf- 
slrich. 

Putliogeneais. — Tlie  injection  of  a  pure  culture  into  the  lung  of  a  horse 
produces  pneumonia  and  causeij  its  deuth  in  eight  or  nine  days.  Pathogenic 
for  rabbits,  guinea-pigs,  and  mice. 

33.   STREPTOCOCCUS  CORYZjE  CONTAGIOSvK  KQUORUM. 

Obtained  by  S<:hiitz(  1888)  from  pus  from  the  lymphatic  glands  involved 
in  horses  su tiering  from  the  disease  known  in  Germany  as  Druse  des 
Pferdes. 

Morphology. — Oval  cocci,  in  pairs,  in  chains  containing  three  or  four 
elements,  or  iu  long  chaplels. 

Stains  with  tlif  usiiiil  aniline  colors— very  intensely  with  Weigert's  or 
Ehi'licirs  Ni)hitii>ii. 

Biuhtgiail  L'haructers. — An  aerai/ic  and  facitltadfe  unaerobic  micrococ- 
cus. Grows  slowly  at  the  room  temperature,  more  ruiiidly  at  37'  C.  U|>on 
gflatin  plates  at  the  end  of  three  to  live  days  itiiiiute  colonies  become  visible; 
tJiese  never  exceed  the  size  of  m  pin's  hi-aiL  In  gelatin  stick  cttltures  gi-owth 
upon  the  surface  is  scanty  or  absent;  uJortg  tlic  line  of  puncture  minute 
colonies  are  developed  in  rows.  Upon  agar  plates,  at  37'  C,  at  the  end  of 
twenty-four  hours  leiitil-.shapwl  colonies  are.  develojied  the  size  of  a  pin's 
head;  under  a  low  power  the  suiwrHciiil  colonies  are  seen  to  have  a  well-de- 
tined,  opaque  nuchnis  .sunN)uiidnd  by  u  grayish,  transparent  marginal  ame, 
which  represents  a  hulflluid,  slimy  gi-owth  which  does  not  extend  after  the 
third  day  and  later  disappears  entirely;  the  deep  colonies  aits  at  lirst  well- 
defined,  and  later  surrounded  by  wing-like  outgi-owths.  Upon  bliMxI  serum, 
at  37'  C,  yelbjwish,  transpan-ul  tlro(i.s  are  lii-st  ilcveloped;  these  become  con- 
fluent and  fiirm  a  viscid  and  tolerably  thick  layer;  tins  later  becomes  dry 
and  iridescent. 

Pathogenesis. — Pathogenic  for  horses  and  for  mice,  producing  in  these 
animals  an  abscess  at  the  i»oint  of  inoculation,  and  metastatic  absce&ses  in 
the  neighboring  lymphatic  glands.  Not  pjitbogenic  for  mbbits,  guinea-pigs, 
or  pigeons. 

34.  HiEMATOCOCCUa  B0VI8  (Babes). 

Obtained  by  B.ibos  (1889)  front  the  blood  and  various  organs  of  cattle 
which  had  died  of  nn  epidemic  nialjMty  (in  Roum-.inial  characterized  by  hwrno- 
globinuria.  The  cocci  ai-e  fuund  in  thu  blood  in  gi-eal  numbers,  for  the  most 
part  end o.sed  in  the  red  corptiscles. 

Mi>rphi>li>gi/. — Bi.scuilshap«l  cocci  united  in  pairs;  sometimes  obloue  in 
form,  isolated  or  united  iu  groups;  the  free  cocci  are  surrounded  by  a  pale- 
yellowish,  shining  aure<jle  of  0.5  to  1  /i  in  diameter. 


NOT   DESCRIBED  IN   SECTIONS   IV.    AND   V. 
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Stains  best  with  Ldffler's  solution  of  methylene  blue;  does  not  stain  by 
Gram's  method. 

Biological  Ckarnclcrs.—Xn  aerobic  and  farttltative  anae tabic,  jion- 
liquefying  micrococcus.  Grows  very  slowly  at  the  room  temjierature — not 
below  20  C.  In  the  incubating  oven  g-i-ows  in  the  usual  culture  media.  In 
gelatin  stick  cultures  a  scanty  development  of  small,  white  colonies  tfccura 
along  the  line  of  piuiclure.  Upon  the  surface  of  agar  small,  transparent 
drops  are  developed  along  the  impfstrich.  Uponpotoifo,  at  37°  C.  a  thin, 
broad,  yellowish,  shining- layer  is  developed  in  the  course  of  a  few  days — 
scarcely  visible.  Upon  blooil  serum  small,  moist,  transparent  colonies  are 
developed. 

Pathogenesiii. — Pathogrenic  for  rabbits  and  rats,  which  die  in  from  six  to 
tea  days  after  inoculation  with  a  pure  culture;  the  spleen  is  found  to  be  en- 
larged, the  lungs  hypenEintc,  ami  a  blooily  serum  is  fount!  in  the  cavity  of 
the  abdomen;  the  cocci  are  present  in  tJie  blood  in  considerable  numbers, 
but  are  rarely  seen  in  the  red  corpuscles.  Inoculations  in  oxen,  horses, 
goats,  sheep,  guinea-pigs,  and  birds  were  without  effect. 


35.   MICROCOCCUS  GINGIVA  PYOGENES. 

Obtained  by  Miller  (1889)  from  the  mouth  of  a  man  suffering  from  alveo- 
lar abscess. 

Morphology. — Large  cocet  of  irregular  dimpnsions,  solitary  or  in  pairs. 

Biological  CfuiracrTers.^ An  aerobic  and  facnlfatiwanaembic,  hqh  lique- 
fying microctyccus.  Gifjws  at  the  r<K>ni  temperature  in  the  usual  media.  Upon 
gelatin  plat fs  it  forms  spherical,  well-defiued  colonies,  wliicL  under  a  low 
power  are  at  first  slightly  colored  and  later  opatme.  In  gelatin  stick  cultures 
an  abundant  development  occurs  both  upon  the  surface  and  along  the  line 
of  puncture.  Upon  the  surface  of  agar  a  tolerably  thick,  grayish  growth 
occurs  along  the  impfstrich,  which  has  a  purplish  tmt  by  transmitted   light. 

Pathogenrsis. — Subcutaneous  injr'ctions  in  mtco  produce  a  local  abscess 
and  necrosis  of  the  skin,  followed  sometimes  by  death.  Injections  into  (he 
cavity  of  the  abdomen  produced  peritonitis  and  death  in  from  twelve  to 
twenty-four  hours. 

36.    PSEUDODIPLOCOCCUS   PNEUMONLE.  • 

Obtained  by  Bonome  (ISSR)  from  the  sero-fibnnous  exudate  in  an  autopsy 
of  an  individual  who  died  of  cerebrospinal  meningitis. 

Morphology.— Oval  cocci,  in  pairs  or  in  chain.4  of  five  or  sijc  elements, 
often  surroundwl  by  a  transparent  capsule;  not  to  be  distinguished  from 
Micrococcus  piieumoni;o  croiipo.s;e. 

Stains  with  the  u.sual  auiliiic  colors  and  by  Gram's  method. 

Biological  Churactfrit.—Xu  aerttfiic,  ntm-Uquefyimj  micrococcus.  Grows 
in  the  usual  culture  media  at  the  room  temperature  (Mici'ococcuspneumoniaj 
crouposjedoes  not  gnjvv  at  the  room  temperaturej.  In  gelatin  stick  cult  tires 
very  small  colonies  are  developed  along  tlie  line  of  pnnctui-eat  the  end  of 
twentv-four  to  twenty-eight  hours.  Upon  the  siirfoi-e  of  agar  a  rather 
scanty,  mowt  laver  is  developed  along  the  impfstrich.  Upon  potato  a  thin, 
scarcely  visible  'laver  is  developed.  In  bouillon  the  development  is  abun- 
dfl!it;  the  culture  mediumacqulres  avery  acid  reaction  andgives  off  astroug 
odor  like  that  of  perspiration.  . 

PdMof/enewfl.— Pathogenic  for  mice,  guinea-pigs,  and  rabbits,  in  winch 
animals  it  pnniuces  fatal  scpticiemia;  the  spteen  is  not  enlarged,  as  is  the 
case  in  animals  inoculated  with  Micnwoccus  pneumoniae  crouposje, 

37.   STREPTOCOCCUS  SEPTICUiS  UQUEFACIENS. 

Obtained  by  BaOes  (IS89)  from  the  blood  and  various  organs  of  a  child 
which  tlied  of  sap'Jcae  ni-^  following  iicarlatma. 
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Morphology. — Mici-o^CK-ci,  alwut  0.3  to  0.4 /i  in  diameter,  inpunaria 
short  clmins  lu  which  the  elements  are  loosely  connected. 

Stains  with  the  usual  aniline  colors  and  by  Gram's  method. 

Biological  Characters. — An  aervbic,  liquefying  micrococcus.  Onnni  a 
the  usual  culture  media  at  the  room  temperature.  In  gelatin  siiekadtwrm 
at  the  end  of  twenty-four  hours  a  thin,  granular,  whitisii  i>tripe  is  Mm  aiatg 
the  line  of  puncture,  while  the  surface  seems  somewhat  depreaaed;  htv 
Ii<][uofa(^ti<m  of  the  gelatin  occurs  in  funnel  form;  the  liquefied  gelatin ktas 
slightly  clouded,  and  u^xm  the  walls  of  the  funnel  peculiar,  flai,  white,  lai- 
shaped^  jagged  colonies  ars  seen.  Upon  the  surface  of  aaar,  at  3C'  C.,tmtM, 
wliite,  ttiin,  shining,  trauspjirent  colonies  are  developed,  which  may  attai 
a  diamuler  of  two  to  three  tnillimetres.  Upon  blood  »erum  ascarody  vaiUt 
granular  layer  is  develoi>eJ. 

Pathogenesis. — :^ubcuta.neous  injections  in   mice    and    rabbits  {irodw 
local  iuflainmalion  with  cedema,  and  death  occurs  in  about  six   day*;  tk* 
streptococci  are  found  in  lar^  numbere  in  the  effused  serum,  in  th« 
and  in  the  spleen.     After  being  cultivated  for  some  time  iu  artitieial 
the  cultures  lose  their  pathogenic  power. 

38.   MICROCOCCUS  OP  KIRCHXKR. 

Obtained  by  Kirchner  (1890)  from  the  bronchial  secretions  (in  suuUuBtrf 
patients  siitfering  from  epidemic  iuAuenza — soldiers  in  gtLrrisoa  atHaavw^ 

Morphology. — Splierical  cix-ci,  usually  associatetl  in  pairs^  aod  ■mioiiJi^ 
by  a  capsule.  Di.stinguislit^d  from  Micrococcus  pneunioniie  rroupfm  bjr  Ic- 
ing smaller,  quite  spherical^  and  the  elements  in  a  pair  bein^  zdotv  VkUJT 
Beparati;d  from  each  other.  Found  in  the  bronchiai  secretion  in  talttm 
pairs,  or  as.sociated  iu  groups;  occasionally  seen  in  chains. 

Staiim  with  the  usual  aniline  colors,  but  not  by  Oram's  method. 

Biological  Characters. — Xnaerolnc  micrococcus;  doeanot  growia  flH» 
peptone-gelatin  at  the  room  temperature.  Uiwn  a^g&r  platea,  at  86'  C 
smalt,  grayish-white,  transparent,  spherical  colonies  are  developad,  wUk 
later  form  round,  grayish-white  plaques.  In  agar  stick  cutturet  mnii^im- 
dant  development  occurs  upon  the  surface,  extendiutf  to  the  walls  erf  iki 
test  tube;  growth  also  occurs  along  the  lino  of  puncture. 

Pathogenems. — Not  pathogenic  fur  rabbits  or  for  white  mice.     A  i 
pig  which  received  one  cubic  centimetre  of  a  bouillon  culture  iu  the  ] 

cavity  died  at  tlie  end  of  twenty -four  hours;   tlie  spleen  was  nut  

lungs  hyperaimic;    the  micrococci  were  found  in  the  blood  and  in  the 

ous  organs.  Another  guinea-pig,  which  received  one  cubic  centJmKn  W  • 
bouillon  culture  in  the  cavity  ofthe  abdomen,  recovered  aifter  a  slicht  ta^ 
positiou. 

39.    MICKOCOCCU8  NO.   II,   OF  FISCHKLi. 

Obtained  by  Fischel  (1S91)  from  the  blood  of  two  cases  of  inflttaoaa. 

Morphology. — Micrococci  of  from  1  to  1.25  a  in  diaoaeter,  miMtlT  It 
pairs,  stmietimcs  in  chains. 

Stains  with  the  usual  aniline  colors  and  by  Oram's  method. 

Biological  Characti-rs. — An  aerobic  and  factdtative  anctSrobic,  Uamd^ 
^n^  micrococcus.  Grows  in  the  usual  culture  media  at  tbe  room  taagM* 
ture.  Uixin  gelatin  plates  minute  colonics,  visible  onlv  under  UMiiSa*^ 
scope,  are  developed  at  the  end  of  three  days.  In  (/e/ufin  stick  cultmr 
abundant  milk-wnitc  growth  occurs  along  the  lino  of  puiictur«.  audi 
faction  of  the  gelatin  conuneucea  at  the  end  of  four  days;  this* 
slowly.  Upon  agar  plates,  at  37"  C,  superficial  colonieis  are  d«n 
sembfin^  a  dnjp  of  milk.  Uix>n  potato,  at  37'  C,  at  the  end  of  fUBhTI 
thin,  shining  layer  of  a  yellowish-white  color,  and  about  one 


broad,  is  developed;  no  growth  upon  potato  at  the  room  tempotvlu^  lb 
growth  occurs  in  liquid  blood  serum  or  in  milk.  In  storili«ed  w»bv  &h 
micrococcus  is  said  by  Fischel  to  lose  its  vitality  iu  eight  hours. 


NOT  DESCRIBED   IN  SECTIONS  IV.   AND   V. 
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Palliogenesia. — Pathogenic  for  dogs  and  for  horses.  Intravenous  injec- 
tion of  three  to  four  cubic  centimetres  in  doffs  is  said  to  produce  symptoms 
resembling  those  of  distemper  in  this  animal,  viz.,  increased  temperature, 
catarrhal  conjunctivitis,  in  some  cases  kei-atitis,  and  in  some  a  mucous  dis- 
charge from  the  preputial  sac.  The  micrococcus  was  not  found  in  the  blood 
of  the  dogs  inoculated  by  intravenous  injection,  later  than  the  fourth  day. 

40.    STREPTOCOCCUS  OP  BONOME. 

Obtained  by  Bonome  (1890)  from  the  exudations  of  the  cerebro-spinal 
meoiuges  and  from  haemorrhagic  extravasations  in  the  lungs  iu  cases  of 
epidemic  cerebro-spinal  meiiingitia. 

This  strept(>coecu.s  is  said  by  Bonome  to  be  distingruished  from  previously 
known  streptococci  by  the  following  chai-acters:  It  does  not  grow  readily 
in  artificial  culture  media,  and  soon  loses  its  [lathogeuic  power  when  pre- 
served iu  a  desicciited  ccmdititm  or  culti\''ated  through  a  few  successive  gene- 
rations. It  ditfers  from  the  " pueuniococcu.s "  and  "meningococcus  '  by 
the  ball-shaped  appearance  of  its  colonies  on  a^^r  plates,  and  in  the  fact 
that  it  does  not  grow  upon  blood  serum;  also  by  the  ditHculty  experienced 
in  carrying  it  through  five  or  six  generations  in  artificial  media. 

Paf)togenesis. — In  white  mice  and  in  rabbits  a  fibrinous  inflanimalion 
and  death  result  fi'om  inoculations  with  a  pure  culture,  the  symptoms  re- 
sembling those  produced  by  similar  inoculations  with  Micrococcas  pneumo- 
niae crouposic.  It  does  not  produce  septicfemia  in  white  mice,  but  in  rabbits 
the  cocci  are  found  in  the  nkiod  in  chains  surrounded  bv  a  capsule.  In 
guinea-pigs  and  dogs  a  local  tibrinous  intlammation  results  from  inocula- 
tions, and  the  streptococcus  is  found  in  the  gelatinous  exudate  at  tiie  ix)int  of 
inoculation.  It  is  dLstinguished  fi*om  the  streptococcuR  of  erysipelas  by  ita 
failure  to  grow  in  gelatin  or  iu  blood  serum,  arid  by  the  appearance  of  its 
colonies  on  agar  plates. 

41.  MICROCOCCUS  OF  ALMyUIST. 

Obtainctl  by  Ahnqui.st  (1891)  from  the  bullse  of  pomphij^us  neonatorum, 
ixi  nine  children  sutferiug  fi-ora  this  disease  during  an  epidemic  which  oc- 
curred at  Gotelxjrff. 

MorfjJiologii. — Mici-ococci  from  0. 5  to  1  //  in  diameter,  usually  in  pairs. 

Stains  readily  with  the  aniline  colors. 

Biological  Characters. — An  aiirfyfiic,  liquefying,  chromogenic  micro- 
c<xx;us.  Closely  resembles  Staphylococcus  pyogenes  aureus  in  tt.s  niorpho- 
logy  and  growth  iu  culture  media.  Pixtduces  a  similar  goldcu-yellovv  pig- 
ment. 

Patltogenesis. — According  to  Almquist.  tiiis  micrococcus  is  distinguished 
from  Staphylococcus  pyogenesaureus  oy  its  specilic  pathogenic  power.  Two 
inoculations  made  from  a  pure  culture,  by  means  of  a  lancet,  upon  liis  own 
arm  gave  rise  to  a  development  of  bulhe  like  those  of  ueinphigus.  The 
process  showed  no  dispo-sitiou  to  extend  deeper,  but  the  epidermis  wa.s  raised 
by  a  collection  of  fluid  whicli  wa.s  at  tirsl  transparent  and  later  had  a  milky 
opacity.  From  the  contents  of  these  bullte  tlie  same  coccus  was  obtained  in 
pure  cultures. 

42.  STAPHYLOCOCCUS   PYOSEPTICUS. 

Obtained  by  Hericourt  and  Richet  (1888)  from  an  abscess  in  the  skin  of  a 

In  its  morphology  and  biological  characters  ihis  micrococcus  closely  re- 
sembles Staphylococcus  pyogenes  albus,  and  it  is  probably  a  pathogenic  va- 
riety of  this  common  species.  But  the  experiments  made  by  the  authors 
referred  to  show  it  to  be  decidedly  more  pathogenic  for  rabbits.  Subcutane- 
ous injections  of  a  drop  or  two  of  a  pure  culture  caused  an  extensive  inflam- 
matory oedema,  and  death  in  from  twelve  to  twenty-four  hours. 
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43.    STREPTOCOCCrS   PERNICIOSUS   PSITTACORUM. 

MieroeoccuK  of  Rray  parrot  disease.     Eberth  and  Wolff  have  described 

an  iufectioua  disease  of  grj,y  parrots,  which  is  said  la  be  extremely  fatal 
amon^  the  imported  birds.  The  disease  is  ciiaract«rized  by  the  formation  of  I 
nodules  upon  the  surface  and  in  tlie  interior  of  various  organs,  and  especially 
in  the  liver.  Micrococci  of  medium  size  are  found  in  these  nodules  and  in 
blood  from  the  heart;  these  are  sometimes  in  chuins.  Microscopic  examina- 
tion of  stained  sections  shows  that  thase  cocci  are  dire<>tly  related  to  the  tis- 
sue necrosis  which  characterizes  tlie  disease.  But  the  micrococcus  has  not 
been  cultivated  and  its  biolog'ical  characters  are  undetermined. 


44.   MICROCOCCUS  OK  FORBES. 

Forbes  (18861  has  studied  an  infectious  disease  of  cabbage  caterpillars 
(Pieris  rap*),  whicii  appe^irs  to  lie  duo  to  a  micrococcus  found  by  him  iii 
large  numbers  in  the  btxlies  of  the  itife<-ted  larviu.  This  micrococcus,  which 
resembles  the  conunon  staphyli>cocci  in  form,  was  cultivated  in  liquid  media 
and  successful  inoculation  experiments  were  made. 

44a.   STREPTOCOCCUS  AGALACTIiE  CONTAOI08JE. 

Obtained  by  Adametz  (1894)  from  thi^  milk  of  cows  suffering  from  >nas-i 
titis  (Gelben    Gait).     Accoitling  to  Adauieta  all  of  the  streptococx-i  whichj 
hare  been  described  by  different  investigators  (Kitt,  Nocard  and  MoUereau, 
Guillfbeau.  anct  others)  are  probably  vanrtips  of  a  single  species. 

Morpho(nijij. — Spherical  coct:i  in  short  chains— 1  /'  in  diameter. 

Bioioffiatf  Cbttracters. — An  aerobic  and  fa cttltatiiv  anaerobic,  non- 
liqitefyiny  streptococcus. 

Ijton  gelatin  jtlutfs  forms  jlat,  transparent,  wiiite  or  bluish-white, 
slimy  ^(Ionics,  having  a  slight  j>early  hmtre  and  an  irretiilar  outline.  In 
nutrient  gelatin  containing  five  per  cent  of  milk  sugar  the  colonies,  at  the 
end  of  eight  days,  have  a  diameter  of  0.83  to  1  niiUinietre;  they  are  milk- 
white  ami  of  a  seuii-Huid,  slimy  con.si.stence. 

Uj)Oii  (tyar  plate.'i  {h'-  di'«-]>  colonies  are  punctifonn  and  white  in  color — 
under  a  low  jwwer  they  are  seen  to  have  an  irregular  dentate  contour  and  «  ' 
br<jwnish  color;  the  stupcrlk-ial  colonies  gra^lually  assume  the  ap}>earanael 
of  trans|>arent,  flat  dntjjs  having  a  diameter  of  0.5  to  0.7  millimetre.  In 
sterili/cil  milk  fermentiitjon  occurs,  at  l\7"  C  in  frum  twenty  to  twenty-four 
hours;  some  lioui-s  later  the  casein  is  precipitjited.  line  gas  bubbles  are  seen 
in  the  lower  part  of  the  fluid  anil  a  foam  ujwn  the  surface;  the  reaction  is 
acid  and  the  casein  is  not  peptonized.  The  power  of  pr(.xlucing  acid  and  gas 
is  diminished  or  lost  after  a  few  successive  cultures  have  been  made. 

Strf/>toci.>ccus  mastitis  Hf'oraclia'  (Guillebeau)  is  said  by  Adametz  to  Ix- 
distinguished  fi-om  the  streptococcus  above  descril»ed  (No.  44a)  bv  being 
smaller— 0.1  /i  in  diameter — and  h^  the  fact  that  the  cultures  do  not  lose  the 
power  of  producing  fermentation  m  milk. 
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THE  BACILLUS  OP  ANTHRAX. 
[Fr,,  Chakbon  ;    (7er.,  Milzbrand.] 

Anthrax  is  a  fatal  infectious  disease  which  prevails  extensively 
among  sheep  and  cattle  in  various  parts  of  the  world,  causing  heavy 
losses.  In  Siberia  it  constitutes  a  veritable  scourge  and  is  known 
there  as  the  Siberian  plague  ;  it  also  prevails  to  a  considerable  extent 
in  portions  of  France,  Hungary,  Germany,  Persia,  and  India,  and 
local  epidemics  have  occasionally  occurred  in  England,  where  it  is 
known  under  the  name  of  splenic  fever.  It  does  not  prevail  in  the 
United  States.  In  infected  districts  the  greatwat  losses  are  incurred 
during  the  summer  season. 

In  man  aciridental  inoculation  may  occur  among  those  who  come 
in  contiict  with  infected  animals,  and  especially  during  the  removal  of 
the  skin  and  cutting-up  of  dead,  animals,  when  there  is  any  cut  or 
abrasion  up<}n  the  hands.  A  malignant  pustule  is  developed  jis  the 
result  of  such  inoculation,  but,  as  a  rule,  general  iTifection  does 
not  occur,  as  is  the  case  when  inoculations  are  made  into  the  more 
susceptible  lower  animals — rabbit,  guinea-pig,  mouse.  Those  who 
handle  thw  hair,  hides,  or  wool  of  infected  animals  are  also  Uable  to 
contract  the  disease  by  inoculation  through  op^-n  wounds,  or  by  the 
inhalatiim  of  dust  containing  spores  of  the  anthrax  batullus.  Cases 
of  pulmonic  anthrax,  known  formerly  in  England  as  *'  wool-sortf-rs' 
diaeas*),"  have  biwn  tti-ciisionally  ubserved  in  England  and  in  Ger- 
many, and  are  nuvv  recognized  as  being  due  to  infection  through  the 
limgs  in  the  manner  indicated. 

The  French  physician. Davaine,  who  had  ohserved  the  anthrax 
bacillus  in  the, blood  of  infected  animals  in  18.50,  communicated  to 
the  French  Academy  of  Sciences  the  results  of  his  inoculation  experi- 
ments in  1863  and  i.S'j4.  and  asserted  the  etiological  relation  of  the 
bacillus  to  the  disease  ^vith  which  his  investigations  showed  it  to  be 
constantly  associated.  This  conclusion  WJis  vigorously  contested  by 
conservative  opponents,  but  has  tieen  fully  established  by  subaetiuent 
investigations,  which  show  that  the  bficillus,  in  pure  cultures,  induces 
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anthrax  in  susceptible  animals  as  certainly  as  does  the  blood  of  an 
animal  recently  dead  from  the  disease. 

Ovring  to  tlie  fjwt  that  this  was  the  first  pathogenic  bacillus  cul- 
tivated in  artificial  media,  and  to  the  facility  with  which  it  grows  in 
various  media,  it  has  served  more  than  any  other  microtjrganism  for 
researches  relating  to  a  variety  of  questions  in  pathology,  general 
biology,  and  public  hygiene,  some  of  which  are  discussed  in  other 
sections  of  this  volmne. 

45.      BACILLUS  ANTHRACIS. 

SynoHi/ms. — Milzbrandbacillus,  Ger.;  Bacteridie  du  charbon,  Fr, 
First  observed  in  the  bloo<l  of  infected  animals  by  Pollender  (1849) 
and  by  Davaine  (1850).     Etiological  relation  affirmed  by  Davainej 


ft  .^^^^■^''    ^  X'.  W 
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Fio.  100.— Bacillui  anthracis,  froni  a  culture,  aboiriiif  derelopiiiADt  of  long  thrMwIa  in  ooaro 
lut«d  bundles,    x  300.    (Klein.) 

(1863),  and  established  by  the  inoculation  of  pure  cultures  by  Pasteur 
(1879)  and  by  many  other  invostigatora, 

Morphology. — Rixl-shaijed  bacteria  having  a  breadth  of  1  to 
1.25  /t,  and  5  to  20  ^t  in  length;  or,  in  suitable  culture  media,  growing 
out  into  long,  flexible  filaments,  which  are  fre<|uently  united  in 
twisted,  cord-like  bundles.  The.se  filaments  in  hanging-drop  cul- 
tures, before  the  devolopment  of  sporas,  apjwar  to  be  homogeneous  ; 
or  the  protoplasm  is  clouded  and  granular,  but  without  distinct  seg- 
mentation. But  in  stained  prejmratious  the  filaments  are  seen  to  be 
made  up  of  a  series  of  rectiingular,  deeply-  stiiined  segments.  In 
hanging-drop  cultures  the  ends  of  the  rods  appear  rounded,  but  in 
stained  preimrations  from  the  blood  of  an  infected  animal  they  are 
seen  to  present  a  slight  concavity,  and  a  lenticular  interspace  is 
formed  where  two  rods  come  together.    The  diameter  of  the  rods 
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■varies  considerably  in  different  culture  media  ;  and  in  old  cultures 
irregular  forms  are  frequently  seen — "  involution  forms." 

Under  favorable  conditions  endogenous  spores  are  developed  in 
the  long  filaments  wbich  grow  out  in  artificial  culture  media. 
These  first  appear  as  refractive  granules  distributed  at  regular  inter- 
vals in  the  segments  of  the  prot^jplasm,  which  gradually  disappear 
as  the  spores  are  developed  ;  and  these  are  left  as  oval,  highly  re- 
fractive bodies,  held  together  in  a  linear  series  by  the  cellular  enve- 
lope, and  subseipiently  set  free  by  its  dissolution.  The  germination 
of  these  reproductive  btxlies  reHults  in  the  fonnation  of  rtxls  and 
spore-bearing  filaments  like  those  heretofore  described.  In  this  pro- 
cess the  spore  is  first  observed  Ui 
lose  it«  brilliancy,  from  the  ab- 
sorption of  moisture,  a  promi- 
nence occurs  at  one  end  of  the 
oval  body,  and  soon  the  external 
envelope  —  exosporium — is  rup- 
tured, permitting  the  &i>ftene<l 
protoplasmic  contents  enclosed 
in  the  internal  spore  membrane 

— endosporium — to  escape  as  a  >»iJiii,Ti»     ^ 

short  rod,  to  which  the  empty  ^afflSw  ./a    "^^ 

exosporium  sometimes  remains 
attached. 

The  anthrax  bacillus  stains 
leadily  with  the  aniline  ctylors 
and  also  by  Oram's  method, 
when  not  left  too  long  in  the 
decolorizing  iodine  solution. 
Loffler's  solution  of  methylene 
blue  is  an  especially  good  stain- 
ing fluid  for  this  as  well  as  for  many  other  bsicilli.  Bismarck  brown 
is  well  adapted  for  specimens  which  are  to  be  photographed,  and  also 
for  permanent  preparations,  as  it  is  less  liable  to  faiie  than  the  blue 
and  some  other  aniline  colors. 

Biological  Characters. — The  anthrax  bacillus  is  aerdbicy  but 
not  strictly  so,  as  is  shown  by  the  fact  that  it  grows  to  the  bottom  of 
the  line  of  puncture  in  stick  cultures  in  solid  media.  It  is  non-mo- 
tile, and  is  distinguished  by  this  character  from  certain  common 
bacilli  rest!m})Iing  it  in  morphology — Bacillus  Rubtilis — which  were 
frequently  confounded  %vith  it  in  the  earlier  days  of  bacteriological 
investigation. 

The  anthrax  bacillus  grows  in  a  variety  of  nutrient  media  at  a 


s 


Fio.  101.— Bacllloa  aathracU,  from  a  culture, 
BliowiDj;fDrniatlono(fipacc«.    X' 1.000.    (Klela.) 
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temperature  of  20°  to  38°  C.     Development  ceases  at  temperatures 
below  12"  C.  or  above  46°  C. 

This  bacillus  grows  best  in  neutral  or  slightly  alkaline  media,  and 
its  development  is  arrested  by  a  decidedly  acid  reaction  of  the  cul- 
ture medium.  It  may  be  cultivated  in  infusions  of  flesh  or  of  vari- 
ous vegetable's,  in  diluteil  urine,  in  milk,  etc. 

In  gelutiit  phite  cnlfures  small,  white,  opa<^ue  colonies  are  devel- 
oped in  from  twenty-four  to  thirty-six  hours,  which  under  the  micro- 
scope are  seen  to  be  somewhat  irregular  in  outline  and  of  a  greenish 
tint ;  later  the  colonies  spretwl  out  upon  the  surface  of  the  gelatin, 
and  the  darker  central  ptirtion  is  surrounded  by  a  brownish  mass  of 
wavy  filaments,  which  are  associated  in  tangled  bundles.     Mycelial- 

like  outgrowths  from  the  periphery  of 
the  colony  may  often  be  seen  extending 
into  the  surrounding  gelatin.  At  the 
end  of  two  or  three  days  liquefaction  of 
the  gelatin  commences,  and  the  colony 
is  soon  surrounded  by  the  liijuefied  me- 
dium, upon  the  surface  of  which  it  floats 
as  an  irregular  white  j>ellicle.  In  gela^ 
tin  stick  cttlfureH  growth  occurs  all 
along  the  line  of  puncture  Jis  a  white  cen- 
tral thread,  from  which  lateral  thread- 
like ramifications  extend  into  the  culture 
medium.  At  the  end  of  tAvo  or  three 
days  liquefaction  of  the  culture  medimn 
commences  near  the  surface,  where  the 
development  has  been  most  abundant. 
At  first  a  pasty,  white  mass  is  formed, 
but  as  liquefaction  progresses  the  upper 
part  of  the  Uijuefied  gelatin  becomes 
transparent  from  the  subsidence  of  the 
motionless  bacilli,  and  these  are  seen 
upon  the  surface  of  the  non-liquefied 
|>ortion  of  the  medium  in  the  form  of 
cloudy,  white  masses,  while  below  the  line  of  licjuefactiou  the  charac- 
teristic branching  growth  may  still  be  seen  along  the  line  of  puncture. 
In  agar  plate  culfnres,  in  the  inculmting  oven  at  35°  to  37"  C, 
colonies  are  developed  within  twenty-four  hours,  which  under  the 
microscoiJe  are  seen  to  bo  made  up  of  interlaced  filaments  and  iiro 
very  characteristic  and  iH^autiful.  Upon  the  surface  of  nutrient  agar 
a  grayish-white  layer  is  formeil,  which  may  be  removed  in  ribbon-like 
strips  ;  and  in  stick  cultures  in  this  medium  a  branching  growth  is 
seen,  like  that  in  gelatin,  but  Nvithout  li<iuefaction.     The  addition  of 
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Flo.  IfrJ.— Culture  of  Bacillus  an- 
thraoiH  In  QiitrtrQt  i^elaUn  :  a,  end 
of  four  days ;  b,  end  of  eight  days. 
(Bmmgarten.) 
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a  small  quantity  of  agar  to  a  gelatin  mediuTTi  prevents  litiuefaction 
of  the  gelatin  (Flugge). 

Ujxjn  blood  spi'ttm  a  rather  thick,  white  layer  is  formed  and 
liquefaction  slowly  fjccurs. 

Upon  potato  the  growth  is  abundant  as  a  rather  dry,  grayish- 
white  layer,  of  limited  extent,  having  a  somewhat  rough  surface  and 
irregular  margins. 

Spores  are  formed  only  in  the  free  presence  of  oxygen,  as  in  sur- 
face cultures  upon  potato  or  nutrient  agar,  or  in  shallow  cultures  in 
liquid  media,  and  at  a  temperature  of  'in'  to  li^'  C  They  are  not 
formed  during  the  development  of  the  bacilli  in  the  bodies  of  Uving 


/ 


fA 


"iiit  v'.y ' 


Fio.  103.— Colonies  Of  BacUIus  aotbracls  upon  fcelntin  pUtes  :  a,  at  end  of  twcDt^-rour  boura; 
b,  at  eud  of  forty-eiKht  hours,     x  80.    cnCiKEe.) 


animals,  but  after  the  death  of  the  animal  the  bacillus  continues  to 
multiply  for  a  time,  and  sjKires  may  t>6  formed  where  the  fluids 
containing  it  come  in  contiu-t  with  the  air — iis,  for  example,  in 
bloody  discharges  from  the  nostriLs  or  from  the  bowels  of  the  dead 
animal. 

Varieties  incapable  of  spore  itroductit>ii  have  been  produced  arti- 
ficially, by  several  bacteriologists,  by  cultivating  the  bacillus  under 
xmfavorable  conditions.  Roux  was  able  to  pnrfluce  a  sporeless  va- 
riety by  successive  cultivation  in  media  containing  a  small  quantity 
of  carbolic  acid — 1  : 1,000. 

Varieties  differing  in  their  jiathogenic  p?wer  may  also  be  pro- 
duced by  cultivation  under  unfavorable  conditions.     Thus  Pasteur 
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produced  an  "  attenuated  N'inis  "  by  keeping  his  cultures  for  •  «•• 
siderable  time  before  replantiug  them  upon  fresh,  soil,  and  napi— i^ 
the  effect  vms  due  to  the  action  of  atmospheric  oxygen.  It  warn 
probable  that  it  was  rather  due  to  the  deleterious  action  of  ifeiovi 
products  of  growth  present  in  the  culture  media.  It  ]ia»  1«« 
shown  by  Chamberlain  and  Roux  that  cultivation  in  the  prwt 
of  cerUiin  chetnical  substances  added  to  the  culture  mfidhun— cf^ 
bichromate  of  potassium  0.01  per  cent— causes  an  attenualioa  4 
virulence.  The  same  result  occurs  when  cultures  are  subjected  to  « 
temperature  a  little  below  that  which  is  fatal  to  the  iMtcillufl— SIT  C 
for  eighteen  minutes  (Chauveau);  4'i.5°  C.  for  t%vo  or  thivemiii 
(Koch).  Attenuation  of  pathogenic  virulence  is  also  effected  by  ei- 
tivation  in  the  body  of  a  non-susceptible  aniuial,  like  the  frog  (I* 
barsc'h,  Petnischky);  or  in  the  blo<Hl  of  a  rat  (Behring);  by  cAfWi 
to  sunlight  (Arloing);  and  by  compressed  air  (Chauveau). 

Anthrax  spores  may  l>e  preserved  in  a  desiccated  oooditian  Ir 
years  without  losing  their  vitality  or  pathogenic  ^•^^ulence  irhea  »- 
oculated  into  susceptible  animals.  Thej'  also  resist  a  caoipanUzriiT 
high  tem{»erature.  Thus  Koch  and  Wolffhiigel  found  that  diyiptav 
exposed  in  dry  air  nHjuired  a  temperature  of  140'^  C.,  UMUBt^BBifar 
three  hours,  to  insure  their  destixiction.  But  sporee  flospeodtd  m  • 
liquid  are  destroyed  in  four  minutes  by  the  boiling;  ttnnptfafein. 
lUO'  C.  (writer's  determination). 

The  luicilM,  in  the  absence  of  spores,  according^  to  Chaaveso. »» 
destroyed  in  ten  minutes  by  a  temperature  of  54°  C. 

For  the  action  of  various  antiseptic  and  germicidal  agants  qu 
this  bacillus  Ave  must  i-efer  to  the  sections  especially  dvroied  to 
subject  (Part  Second). 

Toussaint.  by  iujwting  filtered  anthrax  blo<xl  into  animaU.  < 
evidence  that  it  contained  some  toxic  substance  which  in  hi*< 
ments  gave  rise  to  local  inflammation  without  any  notioiiubW  | 
symptoms.     More  recent  investigations  show  that  n  T"-'-"TioiMf 
Btance  is  formed  during  the  growth  of  the  anthrax   b.  uA\ 

cultures  containing  this  toxin,  from  which  the  bacilU  h^ve  1MB 
movetl  by  filtration  through  porcelain,  produce  immanity 
jected  into  susceptible  animals,  similar  to  that  resulting  from 
lations  with  an  attenuate<l  virus.     It  is  probable  that  the  fm% 
power  of  the  anthrax  bacillus  depends  largely  upon  the 
this  toxin,  and  that  the  essential  difference  between   Tirukml 
attennate^l  varieties  depends  upon  the  more  abundant  prodndM  < 
this  toxic  substance  by  the  former.     It  has  also   been  ahoWB 
virulent  cultures  produce  a  larger  quantity  of  acid  than 
have   been   attenuated   by  any  of    the  agencies   aboT« 
(Behring). 


THE   BACILLUS   OP   ANTHRAX. 


345 


I 
I 


I 


Martin  (1890)  has  studied  the  chemical  prtxiucts  in  filtered  cul- 
tures of  the  anthrax  bacillus  and  obtained  the  following  results: 

1.  Protoalbumose,  deuteroatbumose,  and  a  trace  of  peptone.  The 
mixed  albumoses  were  found  not  to  be  poisonous  except  in  consider- 
able doses — 0.3  gramme  injected  subcutaneously  killed  a  mouse 
weighing  twenty-two  grammes ;  smaller  doses  produced  a  local 
cedema.  A  fatal  dose  caused  extensive  cedema,  coma,  and  death  in 
twenty-four  hours ;  the  spleen  was  sometimes  enlarged.  BoiUng 
neutrahzes  to  a  considerable  extent  the  toxic  power. 

2.  An  alkaloid,  soluble  in  water  and  in  alcohol,  but  insoluble  in 
benzol,  chloroform,  or  ether.  The  solutions  have  a  strongly  alkaline 
reaction,  and  crystalline  salts  are  formed  with  various  acids.  This 
alkaloid  is  somewhat  volatile,  and  when  exposed  to  light  loses  to  a 
considerable  extent  its  toxic  properties.  It  produces  sjmtiptoms  simi- 
lar to  those  resulting  from  inoculations  with  the  albumoses,  but  is 
more  toxic  and  more  prompt  in  its  action.  The  animal  quickly  falls 
into  a  state  of  conia  ;  there  is  extensive  cedema  aboiit  the  point  of 
inoculation,  and  the  spleen  is  uaualty  enlarged.  The  fatal  dose  for  a 
mouse  weighing  twenty- two  grammes  is  from  0.1  to  0.15  gramme  ; 
death  occurs  within  two  or  three  hours. 

3.  In  addition  to  these  toxic  substances  small  quantities  of  leucin 
and  of  tjrrosin  wei"e  found  in  the  filtered  cultures. 

Petermann  (1892)  has  made  a  series  of  experiments  with  filtered 
cultures  of  the  anthrax  bacillus  which  led  him  to  the  conclusion  that 
**  large  quantities  of  a  culture  in  serum  from  the  ox,  filtered  through 
porcelain,  injected  into  the  veins  of  a  susceptible  animal,  have  a  pre- 
ventive Hction;  but  the  immunity  thus  conferred  is  transitory,  not 
lasting  longer  than  a  month  or  two." 

Pathogenesis. — The  anthrax  bacillus  is  pathogenic  for  cattle, 
sheep,  horses,  rabbits,  guineA-pigs,  and  mice.  White  rats,  dogs,  and 
frogs  are  inunune,  as  is  also  the  Algerian  race  of  sheep.  The  spar- 
row is  su.sceptible  to  general  infection,  but  chickens,  under  normal 
conditions,  are  not.  Young  animals  are,  as  a  rule,  more  susceptible 
than  adults  of  the  same  8i>ecies.  Man  does  not  belong  among  the 
most  susceptible  auunals,  but  is  subject  to  local  infection  as  a  result 
of  accidental  inoculation — maMgnant  pustule — and  to  pulmonic  an- 
thrax from  breiithing  air,  containing  spores  of  the  anthrax  bacillus, 
during  the  sorting  uf  wool  or  hair  from  infected  animals.  In  animals 
which  have  a  partial  immunity,  natural  or  acquire*!,  as  a  result  of 
inoculatioias  with  attenuated  virus,  the  subcutaneous  mtroduction  of 
virulent  cultures  may  give  rise  to  a  limited  local  inflammatory  pro- 
cess, with  effusion  of  bloody  serum  in  wliich  the  bacillus  is  found  in 
considerable  numbers  ;  but  the  blood  is  not  invaded,  and  the  animal, 
after  some  sUght  symptoms  of  indisposition,  recovers.  In  susceptible 
23 
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animals  injections  beneath  the  skin  or  into  a  vein  give  rise  to 
infection,  and  the  bacilli  multiply  rapidly   in   the  circulating  flai 
Death  occurs  in  mice  within  twenty-four  hours,  and  in  rablati^  ai  i 
rule,  in  less  than  forty-eight  hours.     The  blood  of  tho  bewt  ai 
large  vessels  may  be  found,  in  an  autopsy  made  immediately  aft* 
death,  to  contain  comparatively  few  bacilli  ;  but  in  the  capOlaom^ 
the  various  organs,  and  especially  in  the  greatly  enlarged  gplw.  ■ 
the  liver,  the  kidneys,  and  the  lungs,  they  will   be  found  is  gtmt 
numbers,  and  well-stained  sections  of  these  organs  urill  give  as  ■•■ 
tonishing  picture  imder  the  microscope,  which  the  student  abouii  mt 
fail  to  see  in  preparations  made  by  himself.     The  capillarie*  ni  bbt 
places  will  he  found  stuffed  full  of  baciUi  ;  or  they  may  eTVO  btiip- 
tured  as  a  result  of  the  distention,  and  the  bacilli,  togethtrwik 


Tio.  lOl— BaciUtu  «aUir«cia  In  lint  of  mooae.    x  700.    (l^nO 


e8ca])ed  blood  corpuscles,  will  be  'seen  in  the  surrounding  tiwnn  b 
the  kidneys  the  glomeruli,  esjiecially,  appear  tis  if  injected  witli  td- 
ored  threads,  and  by  rupture  these  may  find  their  vray  into  the  vni^ 
ferous  tubules. 

These  appearances  and  tlie  general  s>Tnptoins  itulicHto  that  *► 
disease  produced  by  the  introduction  of  thi^s  bacillus  into  the  hcStui 
susceptible  animals  is  a  genuine  septicsBmia.  As  in  other  fama  d 
septicemia,  the  spleen  is  found  to  be  greatly  enlarged  ;  it  ha*  a  ^Mk 
color  and  is  soft  and  friable.  With  this  exception  th« 
sent  no  notable  changes,  although  the  liver  is  apt  to  be 
enlarged.  In  the  guinea-pig  an  extensive  inflanmuitoiy 
tending  from  the  p<jint  of  inoculation  to  the  most  dopeodoit  [Mrtr** 
the  body,  is  developed  ;  the  subcutaneous  connective  tiMoe  ii  i^ 
trated  >vith  bloody  sorum  and  hits  a  gelatinous  appennuicB,  1^ 
animal  comes  next  to  the  mouse  in  susceptibility,  and  cultaraa 
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I    are  attenuated  to  such  an  extent  that  thej  ivill  not  kill  a  rabbit  oi  a 

I    sheep  may  still  kill  a  guinea-pig  ;  or,  if  not,  may  kill  a  mouse.     Pasteixr 

has  sho\vn  that  the  pathogenic  power  of  the  bacillus  may  be  reestal)- 

»lisbed  by  inoculations  into  su-iceptible  animals,  and  that  an  attenu- 
ated culture  which  will  u(;t  kill  an  adult  guinea-pig  may  be  fatal  to 
a  ver}''  j-oiing  animal  of  tliia  siwcies,  and  that  cultures  from  the  blo<Kl 
of  thid  will  have  an  increased  pathogenic  virulence. 

Very  minute  quantities  of  a  virulent  culture  are  infallibly  fatal  to 
these  most  susceptiblo  animals,  but  for  rabbits  and  other  less  sus- 
ceptible animals  the  quantity  injected  influences  the  result,  and  re- 
covery may  occur  after  subcutaneous  or  intravenous  injection  of  a 
very  small  number  of  bacUh. 


Fra.  106.~BaciUua  anUiraois  Id  kidney  of  rabbit.    X  400.    (Baunixarten.} 


Infection  in  cattle  and  sheep  commonly  results  from  the  ingestion 
of  spores  while  grazing  in  in f octet!  pjistures.  The  luieillus  itself,  in 
the  absence  of  spores,  is  destroyed  in  the  stomach.  While  spores  are 
not  formed  in  the  bodie.s  of  living  animals,  their  discharges  contain 
the  bacillus,  and  this  is  able  to  multiply  in  them  and  to  form  spores 
upon  the  surface  of  the  ground  when  temjjerature  conditions  are 
favorable.  It  is  probable  that  this  is  the  usual  way  in  which  pjistures 
become  infected,  an<l  that  the  bl*M>dy  discliarges  from  the  bladder 
and  bowels  of  animals  suffering  from  the  disea.se  furnish  a  nidus  for 
the  external  development  of  these  reproductive  elements  ;  as  also  do 
the  fliuds  escaping  from  the  botlies  of  detwl  animals.  And  possibly, 
under  specially  favorable  conditions,  the  biioillus  may  lead  a  sapro- 
phytic existence  for  a  considerable  time  in  the  sujjieriicijil  layers  of  the 
s«)iL 
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Bucliner  has  shown  by  experiment  that  infection  in  animals  may 
result  from  respiring  air  in  which  anthrax  spores  are  in  suspension 
in  the  form  of  dust ;  and  in  man  this  mode  of  infection  occurs  in  the 
so-called  wool-sorters'  disease. 

The  question  of  the  passage  of  the  anthrax  bacillus  from  the 
mother  to  the  foetus  in  pregnant  females  has  received  considerable 
attention.  That  this  may  ocrur  is  now  generally  admitted,  and  ap- 
pears to  be  estabUshed  by  the  investigations  of  Strauss  and  Chamber- 
lain, Morisani,  and  others.  That  it  does  not  always  occur  is  shown, 
however,  by  the  researches  of  other  bacteriologists,  and  especially  by 
those  of  Wolff, 

Sirena  and  Scagliosi  (ISO-i)  report,  as  the  result  of  extended  experi- 
ments made  by  them,  that  anthrax  spores  may  survive  in  distilled 
water  for  twenty  months;   in  moist  or  dry  earth  for  two  years  an(|i 
nine  months ;  in  sea-water  for  one  year  and  seven  months ;  in  sewage' 
nearly  sixteen  months. 

Marmier  (1805)  has  made  an  extended  experimental  research  to 
determine  the  nature  of  the  specific  toxin  of  the  anthrax  bacillus. 
This  he  obtains  from  cultures,  at  a  low  tem^ierature,  in  media  con- 
taining peptone  and  glycerin.  It  has  not  tlie  reactions  of  an  albu- 
minoid bo<ly  and  is  not  destroyed  by  a  temperature  of  100°  C.  In 
comparatively  large  doses  it  kills  animals  susceptible  to  anthrax,  and 
by  the  administration  of  smaller  doses  immimity  may  be  established 
in  such  animals.  This  toxin  is  contained  in  the  bacterial  cells,  and 
is  obtained  by  subjecting  these  to  the  action  of  alcohol,  or  from  the 
filtrate  when  cultures  are  made  at  a  low  temperature  iu  a  medium 
containing  peptone.  It  has  not,  Ijpwever,  been  obtained  in  a  pure 
form,  and  its  exact  nature  has  not  been  determined. 


vm. 


THE  BACILLUS  OF  TYPHOID  FEVER. 


I 


^KCEXT  researches  support  the  view  that  the  bacillus  described 
by  Eoerth  ia  1880  bears  an  etiolo^cal  relation  to  tj'phoid  fever — 
typhus  abdominalis  of  German  authors  ;  and  pathologists  are  dis- 
posed to  accept  this  bacillus  as  the  veritable  "  germ "  of  tj-phoid 
fever,  notwithstanding  the  fact  that  the  final  proof  that  such  ia  the 
case  is  still  wanting. 

This  final  proof  would  consist  in  the  production  in  man  or  in  one 
of  the  lower  animals  of  the  specific  morbid  phenomena  which  char- 
acterize the  di.seaae  in  question,  by  the  ip^roductiou  of  pure  cultures 
of  the  bacillus  into  the  body  of  a  healthj^  indivndual.  Evidently  it  ia 
impracticable  to  make  the  test  upon  man,  and  thus  far  we  have  no 
satisfactory  evidence  that  any  one  of  the  lower  animals  is  subject  to 
the  disea.se  as  it  manifests  itself  in  man.  The  experiments  of 
Frankel  and  Simmonds  show,  however,  that  tliis  bacillus  is  patho- 
genic for  tlie  mouse  and  the  rabbit.  We  shall  refer  to  the  experi- 
ments of  these  authors  lat«r. 

Before  the  publication  of  Eberth's  first  paper  Koch  had  observed 
this  bacillus  in  sections  made  from  the  spleen  and  Uver  of  typhoid 
cades,  and  had  made  photomicrogmphs  from  these  sections.  His 
name  is,  therefore,  frequently  associated  with  that  of  Eberth  as  one 
of  the  discoverers  of  the  typhoid  bacillus.  Other  investigators  had  no 
doubt  previou.sly  observed  the  same  organism,  but  some  of  them  had 
imftroperly  described  it  as  a  micrococcus.  Such  a  mistake  is  easily 
made  when  the  examination  is  made  with  a  low  powtjr  ;  even  with  a 
moderately  high  power  the  closely  crowded  colonies  look  like  masses 
of  micrococci,  and  it  is  only  by  focussing  carefully  upon  the  scattered 
organisms  on  the  outer  margin  of  a  colony  that  the  oval  or  rod-like 
form  can  be  recognized. 

Several  observers  had  noted  the  presence  of  microorganisms  in 
the  lesions  of  tj-phoid  fever  prior  to  the  publication  of  Eberth's  pa- 
per, and  Browicz  in  1875,  and  Pischel  in  1878,  had  recognized  the 
presence  of  oval  organisms  in  the  spleen  which  were  probably  identi- 
cal with  the  bacillus  of  Eberth. 

The  researches  of  Gaflfky  (1884)  strongly  support  the  view  that 
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the  bacillus  under  consideration  bears  a  causal  relation  to  tjrphoid 
fever.  Eberth  was  only  successful  in  finding  the  bacillus  in  the 
lymphatic  glands  or  in  the  spleen  in  eighteen  cases  out  of  forty  in 
which  he  searched  for  it.  On  the  other  hand,  he  failed  to  find  it  in 
eleven  cases  of  various  nature — partly  infectious  processes — and  in 
thirteen  cases  of  tuberculosis  in  which  the  lymphatic  glands  were 
involved,  and  in  several  of  which  there  wius  ulceration  of  the  mucous 
membrane  of  the  intestine. 

Koch,  independently  of  Eberth  and  before  the  publication  of  his 
first  papor,  had  found  the  same  bacillus  in  alx)at  half  of  the  cases 
examined  by  him,  and  had  ])<  tinted  out  the  fact  that  they  were  lo- 
cate*! in  the  deeiier  parts  of  the  inte-stinal  mucous  membrane,  beyond 
the  limits  of  necrotic  changes,  and  also  in  the  spleen,  whereas  the 
long,  slender  bacillus  of  Klelts  wiis  found  only  in  the  necrosed  por- 
tions of  the  intestinal  mucous  membrane. 

The  researches  of  W.  Meyer  (1881)  gave  a  larger  proportion  of 
successful  results.  This  author  confined  his  attention  chiefly  to  the 
swollen  plaques  of  Peyor  and  follicles  of  the  intestine  which  had  not 
yet  undergone  ulceration.  The  short  bacillus  which  had  boon  de- 
scribed by  El«?rtli  and  Koch  was  found  in  sixteen  nut  of  twenty  cases 
examined.  The  observations  of  tiiis  author  are  in  accord  with  those 
of  Eberth  as  to  the  presence  of  the  baciUua  in  greater  abundance  in 
cases  of  t}*i>hoid  which  ha<l  proved  fatal  at  an  early  date. 

The  fact  that  in  these  earlier  researches  the  bacilli  were  not  found 
in  a  considerable  projxjrtion  of  the  cases  examined  is  by  no  means 
fatal  to  the  view  that  they  Ijear  an  etiological  relation  to  the  disease.^ 
As  Glafifky  says  in  his  paper  referred  to  : 

"  This  circumstance  atlmits  of  two  explanations.     Either  in  those 
cases  in  which  the  bacillus  has  been  sought  with  negative  results 
they  may  have  perishetl  collectively,  before  the  disease  process  which 
thev  had  induced  had  run  its  course  ;  or  the  proof  of  the  presence  of  • 
biicilti  was  wanting  only  on  account  of  the  technical  difficulties  which  i 
attend  the  finding  of  isolated  colonies." 

Gaifky's  owu  researches  indicate  that  the  latter  explanation  is  the 
correct  one. 

In  twenty-eight  cases  examined  by  this  author  characteristic 
colonies  of  the  bacillus  were  found  in  all  but  two.     In  one  of  these, , 
one  luindred  and  forty-six  sections  from  the  spleen,  liver,  and  kid-* 
ueys  were  examined  without  finding  a  single  colony,  and  in  the  other 
a  like  result  attended  the  examination  of  sixty-two  sections  from  the 
spleen  and  twonty-one  sections  from  the  liver.     In  the  first  of  theatti 
cases,  however,  numerous  colonies  were  found  in  recent  ulcers  of  the 
intestinal  mucous  membrane,  deeply  located  in  that  portion  of  the 
tissue  which  was  still  intact.     These  recent  ulcers  were  in  the  neigh- 
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borhood  of  old  ulcers  and  'are  supposed  to  have  indicated  a  relapse 
of  the  specific  process.  In  the  second  case  the  negative  result  is 
thought  by  Gaffky  to  have  been  not  at  all  surprising,  as  the  patient 
died  at  the  end  of  the  fourth  week  of  sickness,  not  directly  from  the 
typhoid  process,  but  as  a  result  of  jjerforation  of  the  intestine. 

Gaffkj'  has  further  shown  that  in  those  cases  in  which  colonies 
are  not  found  in  the  spleen,  or  in  which  they  are  extremely  rare,  the 
presence  of  the  bacillus  may  be  demonstrated  by  cultivation  ;  and 
that,  when  proper  precautions  are  taken,  pure  cultures  of  the  bacil- 
lus may  always  be  obtained  from  the  spleen  of  a  typhoid  case. 
Hein  has  been  able  to  demonstrate  the  presence  of  the  bacillus  and 
to  start  pure  cultures  from  material  dra\vii  from  the  spleen  of  a  living 
patient  b.v  means  of  a  hypodermatic  syringe.  Philopowicz  has  re- 
ported his  success  in  obtaining  cultures  of  the  bacillus  by  the  same 
method. 

The  fact  that  a  failure  to  demonstrate  the  presence  of  microor- 
ganisms by  a  microscopic  examination  cannot  be  taken  as  proof  of 
their  absence  from  an  organ,  is  well  illustrated  by  a  case  (No,  1<S)  in 
which  the  bacillus  was  obtained  by  Gatfky  from  the  spleen  and  also 
from  the  liver,  in  pure  cultures  ;  whereas  in  cover-glass  preparations 
made  from  the  same  spleen  he  failed  t<J  find  a  single  rod,  and  more 
than  one  hundred  sections  of  the  spleen  were  examined  before  he 
found  a  colony. 

To  obtain  pure  cultures  from  the  spleen  Gaflfky  first  carefully 
washes  the  organ  with  a  solution  of  mercuric  chloride,  1 : 1,000.  A 
long  incision  is  then  made  through  the  capsule  with  a  knife  sterilized 
bj'  heat.  A  second  incision  is  made  in  this  with  a  second  sterilized 
knife,  and  a  third  knife  is  used  to  make  a  still  deeper  incision  in  the 
same  track.  By  this  means  the  danger  of  conveying  organisms  from 
the  surface  to  the  interior  of  the  organ  is  avoided.  From  the  bottom 
of  this  incision  a  little  of  the  soft  splenic  tissue  is  taken  up  on  a  ster- 
ilized platinum  needle,  and  this  is  plunged  into  the  solid  culture 
medium,  or  drawn  along  the  surface  of  the  same,  or  added  to  lique- 
fied gelatin  and  poured  upon  a  glass  plate.  The  colonies  develop,  in 
an  incubating  oven,  in  the  course  of  twenty-four  to  forty-eight  hours. 

GafPky  has  also  shown  that  the  bacillus  is  present  in  the  liver,  in 
the  mesenteric  glands,  and,  in  a  certain  proportion  of  cases  at  least, 
in  the  kidneys,  in  which  it  was  found  in  three  cases  out  of  seven. 

The  appearance  of  the  colonies  in  stained  sections  of  the  spleen 
is  shown  in  Figs,  106  and  107.  Two  colonies  are  seen  in  Fig,  106 
(at  a,  a)  as  they  appear  under  a  low  power — about  sixty  diameters. 
In  Fig.  107  one  of  the  colonies  is  seen  more  highly  magnified — about 
five  hundred  diameters. 

Fraiikel  and  Simmonds  have  demonstrated  that  the  bacilli  multi- 
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ply  in  the  spleen  after  death,  and  that  Numerous  colonim  oijIb 
fmind  in  portions  of  the  organ  which  have  been  kept  for 
four  to  forti'-eight  hours  before  they  were  plated  in  alcohol, 
other  pieces  from  the  saiue  spleen  placed  in  alcohol  soon  after  Hm 
death  of  the  patient  show  but  few  colonies  or  none  at  alL 

This  observation  does  not  in  any  way  weaken  the  e\-iden«  m  U 
the  etiological  role  of  the  bacillus,  but  simply  shows  that  dead  tm- 
mal  matter  is  a  suitable  nidus  for  the  typhoid  g^rm — a  fact  wfack 
has  been  repeatedly  demonstrated  by  epidemiologists  and 
upon  by  sanitarians. 

The  authors  last  referred  to  confirm  Qaffky  aa   regards  the 
stant  presence  of  the  bacillus  in  the  spleen.     In  twenfy-nine  i 
they  obtained  it  by  plate  cultures  twenty-five  times,  and 
that  in  the  foiir  cases  attended  with  a  negative  reeult  this  inolth 
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not  at  all  surprising,  inasmuch  as  the  typhoid  process  had  ^  '- 
nated  and  death  resulted  from  complications. 

Gaffky  did  not  succeed  in  obtaining  cultures  from  tbv  t4f^'* 
tj-phoid-fever  patients,  and  concludes  from  liis  researches  **»*»  if  tb 
bacilli  are  present  in  the  circulating  fluid  it  must  be  in  wrr  mmI 
numbers.  He  remarks  that  possibly  the  reeult  would  be  diffeicBt  if 
the  blood  were  draisii  directly  from  a  vein  instSAd  of  from  ibe  tt* 
laries  of  the  skin.  Fri'mkel  and  Simmonds  also  report  that 
to  which  blwid  drawn  from  the  forefinger  of  typical  ^*nin 
added,  remained  sterile  when  poured  upon  plates  in  the 
ner — Kiwh's  methixl.  The  blood  was  obtained  from  six  diffanatb- 
divnduals,  all  in  an  early  stage  of  the  disease — the  aecotwi  to  fc 
third  week.  A  similar  experiment  made  with  blood  obtained,  Y^ 
mortem,  from  the  large  veins  or  from  the  heart,  also  gave  m 
reeult  in  every  instance  save  one.     In  the  exceptional 
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colony  developed  upon  the  plate.  In  view  of  these  results  we  are 
inclined  to  attribute  the  successful  attempts  reported  hj'  some  of  the 
earlier  experimenters  (Letwrich,  Almquist,  Maragliano)  to  accidental 
contamination  and  imperfect  methods  of  research.  The  more  recent 
work  of  Tayon  does  not  inspire  any  greater  confidence.  This  author 
obtained  culture3  in  bouillon  hy  int)culating  it  with  blood  dra\vn 
frora  a  typhoid  patient,  and  found  that  these  were  fatal,  in  a  few 
hours,  to  guinea-pigs,  wlien  injected  into  the  peritoneal  cavity.  The 
lesions  observed  are  said  to  liave  reseml)led  those  of  typhoid  fever — 
congestion  and  tumefaction  of  Peyer's  plaques  and  of  the  mesenteric 
glands,  congestion  of  the  liver,  the  kidneys,  etc. 

The  presence  of  the  bacillus  of  Eberth  in  the  alvine  evacuations  of 
typhoid  patients  has  been  demonstrate*!  by  Pfeiffer  and  by  Frankel 
and  Simmonds.  This  demonstration  is  evidently  not  an  easy  mat- 
ter, for  while  the  bacilli  are  probably  always  present  iu  some  portion 
of  the  intestine  during  the  progress  of  the  disease,  it  does  not  follow 
that  they  are  present  in  every  portion  of  the  intestinal  contents.  As 
<Mily  a  very  small  amount  of  material  is  used  in  making  |)late  cul- 
tures, and  as  there  are  at  all  times  a  multitude  of  bacteria  of  various 
species  in  the  smallest  portion  of  fa?cal  matter,  it  is  not  to  be  ex- 
pected that  the  typhoid  !»ai-illus  \\all  be  found  upon  every  plate. 
Frankel  and  Simmonds  made  eleven  attempts  to  obtain  the  bacillus 
by  the  plate  method,  u.sing  three  plates  each  time,  as  is  customary 
with  those  who  adhere  strictly  to  the  directions  of  the  miijster,  and 
were  successful  in  obtaining  the  bacillus  in  three  instances — in  tvvo 
in  great  numbers  and  in  the  third  in  a  very  limited  number  of  colo- 
nies. 

The  numerous  attempts  which  have  be?»n  made  to  communicate 
typhoid  fever  to  the  lower  animals  have  given  a  negative  result  in 
every  instance.  Murchison,  in  18(i7,  fed  typhoid-fever  discharges  to 
swine,  and  Klein  lias  mtide  numerous  experiments  of  the  same  kind 
upon  apes,  dogs,  cats,  guinea-pigs,  rabbits,  and  white  mice,  without 
result.  Birch-Hirschfeld,  in  1874,  by  feeding  hirge  quantities  of 
typhoid  stools  to  rabbits,  produced  in  some  of  them  symptonis  which 
in  some  resi>ects  resembled  tho.s6  of  typhoid  ;  but  these  experiments 
were  repeated  by  Bahrdt  upon  ten  rabbits  with  an  entirely  negntive 
result.  Von  MotschukoflFsky  met  with  no  better  success  in  liis  at- 
tempts to  induce  the  disease  by  injecting  l)loo<l  from  typhoid  patients 
into  apes,  rabbits,  dogs,  and  cats.  Walder  also  exjierimented  witli 
fresh  and  with  putrid  dischai-ges  from  typhoid  patients,  and  with 
blood  taken  from  the  body  after  death,  feeding  this  material  to 
calves,  dogs,  cats,  rabbits,  and  fowls,  without  obtaining  any  posi- 
tive results.  Klebs  has  also  made  numerous  experiments  of  a  simi- 
lar nature,  and  in  a  single  instance  found  in  a  rabbit,  which  died 
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forty-seven  hours  after  receiving  a  subcutaneoxis  injection  of  ft  «!- 
ture  fluid  containing  his  "  typhoid  bacillus,"  pathological  lesiocti  n- 
sembling  those  of  typhoid. 

Eberth  and  Gaffky  very  properly  decline  to  attach  any  imjwJ- 
ance  to  this  solitary  case,  in  wliich,  as  the  first-named  wriler  it- 
marks,  a  different  explanation  is  possible,  and  the  possibility  of  n 
intestinal  mycosis  not  typhoid  in  its  nature  must  be  considered. 

Qaffky  has  also  made  numerous  attempts  to  induce  trpboid 
symptoms  in  animals  by  means  of  pure  cultures  of  Eberth's  badSoi, 
given  with  their  food  or  injected  into  the  peritoneal  cavity  or  fobt* 
taneously.  The  first  exi>eriments  were  m;ule  up>on  five  JavA  afBk 
For  a  fiiiiiiiderable  time  those  auimals  woro  fed  daily  with  p«ii«rBl> 
tures  containing  spores.  The  temperature  of  the  animals  wastaba 
tvvic-e  daily.  The  result  wjis  entirely  negative.  No  bolt»»r 
attendotl  the  experiments  upon  rabbits  (I'i),  g-uinea-pigs  (M), 
rats  (7),  house  mice  (11),  field  mice  (4),  pigeons  (2),  oneheniindaciK. 

Coruil  and  Babes  report  a  similar  negative  result  from  pars (i^ 
tures  of  the  tr|>h()id  bjicillus  injected  into  tlie  peritoneal  caTitjr  m1 
into  the  duodenum  in  rabbits  and  giiinea-j>igs. 

Frilnkel  and  Siminutuls  have  made  an  extended  serkfl  of  txfio- 
mcnts  upon  guinea-ptgH,  rabbits,  and  mice,  and  hjive  ehowo  t^ 
pure  cultures  of  the  bacillus  of  Eberth  injected  into  the  lart  wm 
tioned  animals — mice  and  rabbits— may  induce  death,  and  that  lb 
bacillus  nuiy  again  be  obtained  in  pure  cultures  from  their  Offn^ 
It  is  not  claimed  that  the  animals  suffer  an  attack  of  typboul  teva 
as  the  result  of  these  injections,  but  that  their  death  is  doe  tolfci 
introduction  into  their  bodies  of  the  typhoid  bacillus,  iuid  that  tfcb 
liticillus  is  thereby  proved  to  l>e  path<»genie. 

The  failure  to  pro<luce  the  characteristic  lesions  of  typhoid  in  lfc» 
lower  animala  is  e>'idently  not  opjxwed  tti  the  \new  that  thia 
is  the  specific  cause  of  such  lesions  in  man.     FriLnkul  and 
quote  from  Koch  in  support  of  this  statement,  as  fulloiirs  : 

"  In  rav  opinion  it  is  not  ot  all  necessary,  when  we  oxperimnit  tipaa  tm 
mal.s,  to  ottajn  precisely  the  same  syiiiptouiB  as  in  man.  lu  KupfioH  p(  itai 
opiriiou  I  tnav  refer  tu  the  irifeolious  dixeafles  which  we  are  ub[«  lu  tnivs 
experiincntally  in  the  lower  auimalii.  Anthrax  runs  a  vcrv  ditTvrvaleamm 
in  animals  ana  in  man;  tuberculosi»  does  not  present  itseff  in  prmdttijlkt 
same  miumcr  in  one  species  of  aniiuals  as  in  another.  PhlbisiA.  aa  it  o«aai 
in  mull,  we  cannot,  in  ^nertil.  produce  in  auiouda;  »nd,  nevvrllialaas  «• 
canuiit  a.vM'rt  that  the  annuals  experimented  upon  do  not  sutTar  fpoMil  tdhr 
euluMis.  Hiid  that  the  couclusiuus  which  w«  draw  from  auch  expennaaliM* 
not  iwrfcclly  correct." 

In  Frftnkel  and  Simmonds'  experiments  a  oonsideruble  qaaatitT 
of  material  was  used,  and  the  injections  were,  for  the  moat  p*t 
made  into  the  peritoneal  cavity  in  mioe,  or  into   the    nixnlififli 
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through  a  vein  in  rabbits.  The  influence  of  quantity  of  material 
used  is  especially"  shown  in  the  case  of  the  mice,  and  the  question 
arises  whether  the  pathogenic  power  of  the  bacillus  for  these  animals 
does  not  depend  upon  the  simultaneous  injection  of  the  ptomaine  de- 
veloped in  cultures  as  a  result  of  the  vital  activity  of  the  organism. 
Thus  we  read  that  mouse  No.  4  resisted  an  injection  of  a  diluted  cul- 
ture, No.  1,  but  succumbed  to  a  more  concentrated  suspension — one- 
fifth  of  a  Pravaz  syringe.  Mouse  No.  5  was  not  killed  by  the 
injection  of  one-third  of  a  syringeful  of  a  diluted  culture,  but  subse- 
quently died  from  the  injection  of  one-third  of  a  syringeful  of  an 
undiluted  culture.  Mouse  No.  1*5,  injected  October  10th  with  half 
of  a  syringeful  of  a  very  diluterl  culture,  did  not  die.  The  injection 
was  repeated  on  the  17th  of  October  with  half  a  sj'ringeful  of  an  un- 
dilutetl  culture,  with  fatal  result. 

In  all,  thirty -tive  mice  were  injected,  with  a  fatal  result  in  twen- 
ty-seven cases.  In.  rabbits  the  injections  were  commonly  made  in 
the  large  vein  of  the  ear,  and  the  tjuantity  of  material  injected  was 
considerably  greater — from  one-third  the  contents  of  a  hyijtjdermatic 
syringe  to  two  syringefuls.  In  some  instances  death  occurred  with- 
in a  few  hours,  in  others  on  the  following  day  or  after  an  interval  of 
two  or  three  days.  It  is  noticeable  that  the  results  differ  very  great- 
ly as  to  the  date  of  death  and  the  relative  quantity  of  material  re- 
quired to  produce  a  fatal  re.sult.  This  prol>ably  depends  to  some 
extent  upon  the  size  of  the  animal,  and  perhaps  partly  upon  indi- 
vidual diflForeueea  in  resisting  power. 

The  experitnenta,  con.sidered  together,  show  that  the  typhoid  ba- 
cillus is  not  pathogenic  for  these  animals  in  the  same  senae  as  is  the 
anthrax  bftcillus  or  the  bacillus  of  rabbit  septici©niia.  These  organ- 
isms introfluced  beneath  the  skin  or  into  the  circulation  in  the  small- 
est amount  infalUbly  produce  death,  and  at  the  expiration  of  a  pe- 
riod of  time  which  is  tolerably  uniform. 

In  all,  seventy-nine  exporimente  upon  rabbits  were  made,  with  the 
following  result  :  Five  injections  into  the  intestine,  five  into  the  sub- 
cutaneous connective  tissue,  one  into  the  lung,  and  two  inhalation 
experiments,  all  ivifhont  result;  twenty  injections  into  the  peri- 
toneal cavity  furnished  two,  aud  forty-six  injections  into  the  vein  of 
the  ear  twenty  positive  results — i.e.,  were  fatal  to  the  animal. 

In  the  fatal  cases  the  bacilli  were  proved  to  be  present  in  the 
spleen  by  culture  exjwriments  and  by  microscopical  examination  of 
properly  stained  sections.  The  colonies  were  identical  in  appearance 
with  those  found  in  the  spleen  of  cases  of  typhoid  in  man.  Col- 
onies were  found  in  the  6[)leens  of  the  rabbits  e.xperimented  u[x)n 
exactly  as  in  the  human  subject — sometimes  in  the  trabecule©,  some- 
times  in  the  Malpigliian  bodies,  sometimes  free  in  the  splenic  pulp. 
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Brieger  has  made  some  very  interesting  researches  with  reference 
to  the  chemical  substances  which  are  produced  as  a  result  of  the 
phystologip^il  processes  attending  the  growth  of  this  bacillus. 

Having  obtained  a  culture  from  the  spleen  of  a  typhoid  patient, 
and  assured  himself  by  comparison  with  a  pure  culture  given  him 
by  K(K-h  that  he  was  dealing  T.vith  the  right  organism.  Briber 
planted  the  bacillus  in  a  culture  solution  containing  grape  sugar  and 
salts — Nfihrsalzen — in  which  it  thrived  atlmirably.  Such  a  8<ilution 
at  30''  C.  became  clouded  at  the  end  of  twenty-four  hours,  and  gfave 
oflE  an  evident  odor  of  ethyl  alcohol,  which  increased  from  day  to  day. 
In  ajKlition  to  ethyl  alcohol  small  quantities  of  the  volatile  fat  acids 
were  produced — among  them  acetic  acid.  Lactic  acid  was  also 
formed  from  the  grape  sugar.  The  bacillus  grew  still  better  in  al- 
buminous culture  fluids.  It  did  ni)t  in  these  give  rise  to  the  pro<luc- 
tion  of  sulphuretted  hy<lrogen  or  of  any  of  the  volatile  products  of 
putrefactive  decomposition,  such  as  indol  and  phenol.  There  was 
no  gas  furraation  in  such  cultures,  even  after  standing  for  eight 
weeks,  but  a  shght  odor,  resembling  that  of  whey,  was  given  off 
from  the  cultures.  Repeatedly,  but  not  iu  every  case,  Brieger  buc- 
ceeded  in  obtaining  from  such  cultures  a  verj^  deliquescent  basic 
product.  This  was  obtained  in  only  very  small  quantities,  even 
when  the  cultures  had  remained  in  the  incubating  oven  for  a  month. 
The  physiological  properties  of  this  base  have  cou\nuced  Brieger  that 
it  is  a  new  ptomaine.  In  guinea-pigs  this  ptomaine  produced  a  slight 
flow  of  saliva  and  frequent  respiration.  Later  the  animal^  lost  con- 
trol of  their  extremities  and  of  the  muscles  of  the  truhk  ;  they  fell 
upon  their  side,  but  when  placed  upon  their  legs  were  able  to  move 
forward  a  little  :  they,  however,  soon  fell  again  and  remained  help- 
less upon  their  side.  The  pupils  gradually  became  widely  dilate«l 
and  failed  to  respond  to  light  ;  the  flow  of  saUva  became  more  pro- 
fuse ;  no  convulsions  occurred.  Little  by  little  the  pulsiitions  of  the 
heart  and  the  breathing  became  more  fretiuent.  During  the  entire 
course  of  these  symptoms  the  animals  had  frequent  liquid  discharges. 
Death  occurred  in  from  tweuty-four  to  forty -eight  hours.  Post- 
mortem exatnination  showed  the  heart  to  be  contracted  in  systole, 
the  lungs  ta  bo  hyperjemic,  the  intestine  contracted  and  pale. 

The  exp«?rimeutal  o%T.denco  which  we  have  presented,  considered 
in  connecti("»n  vvitb  estabUshed  facts  relating  to  the  propagation  of 
typhoid  fever,  seems  to  the  writer  to  be  convincing  as  regards  the 
etiological  role  of  this  bacillus. 

No  other  organism  has  been  foimd,  after  the  most  careful  search, 
in  the  deeper  portions  of  the  intestinal  glands  involved  iq  this  disease, 
or  in  the  internal  organs  ;  on  the  other  hand,  this  bacillus  lias  been 
demonstrated  to  be  constantly  present.     It  is  undoubtedly  preaeut 
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during  the  lifetime  of  the  patienta,  and  is  found  iu  jjreater  abun- 
dance in  those  cases  which  terminate  fatally  at  an  early  date.  It  is 
not  a  putrefactive  organism,  and  is  not  developed  in  the  tissues  post 
mortem,  although  it  hfis  been  shown  by  Friinkel  and  Simraonds  that 
it  multiplies  rapidly  in  the  spleen  after  death,  up  to  the  time  that 
putrefactive  decomposition  commences.  This  is  quite  in  accord  with 
what  we  should  a  priori  have  exjiecbed,  in  view  of  the  facts  relat- 
ing to  the  propagation  of  tj^ihoid  fever.  These  facts  indicate  that 
the  di-sease  in  question  is  due  to  a  microorganism  which  is  callable  of 
multiplication  external  to  the  human  body  in  a  variety  of  organic 
media,  at  comparatively  low  temjteratures,  and  that  it  is  wdely  dis- 
tributed. From  the  endemic  prevalence  of  the  disease  over  vast 
areas  of  the  earth's  surface  we  may  infer  that  it  is  induced  by  a 
hardy  microorganism.  Eberth's  bacillus  complies  with  all  of  these 
conditions. 

There  are  numerous  facts  which  indicate  that  the  development  of 
an  attack  of  typhoid  and  the  severity  of  the  symptoms  depend  to 
Bome  extent  upon  tln^  quantity  of  the  infectious  material  introduced 
into  the  alimentary  canal.  Milk  or  water  which  has  been  infected 
directly  by  the  discharges  of  typhoid  patients  is  esjjecially  danger- 
ous, and  there  is  refison  to  Ix^lieve  that  repeated  or  concentrated 
doses  of  such  infectious  material  may  be  effective  when  a  single 
draught  of  the  contaminated  fluid,  or  a  greater  degree  of  dilution, 
-would  be  innocuous. 

Again,  wb  have  evidence  that  the  tyjihoid  germs  may  become 
effective  as  a  result  of  certiiin  favorablu  circumstances  relating  to  the 
individual  or  to  his  environment.  Those  agencies  wliich  reduce  the 
vital  resisting  power  of  the  tissues,  and  espiscially  exposure  to  the 
emanations  from  putrefjnng  material,  to  sewer  gas,  to  vitiated  air  in 
overcrowded  and  ill-ventilated  apartments,  etc.,  are  recognized  as 
favorable  to  the  development  of  typhoid  fever  where  the  specific 
cause  is  present.  All  these  facts  seem  to  iu-cord  with  the  experi- 
mental evidence  which  indicates  that  the  pathogenic  power  of  the 
bacillus  of  Eljerth  dei>eiula  ujwn  the  formation  of  a  poisonous 
ptomaine  rather  than  upon  a  six^'ial  facility  for  multiplpng  in  the 
tissues  of  a  living  animal.  Indeed,  it  seems  quite  probable  that  its 
p<3wer  to  invade  living  animal  tissues  dejjends  ujKm  the  tt)xic  action 
of  this  ptomaine  ;  or,  it  may  be,  of  (jthur  ptomaines  produced  under 
certain  circumstances  in  the  body  in  excess  or  introduced  from  with- 
out. Such  toxic  agents  may  serve,  when  the  specific  germ  is  intro- 
duced into  the  intestine  in  comparatively  small  numbers,  to  give  it 
the  mastery  over  the  \'ital  resisting  power  of  t!ie  tissues  subject  to  in- 
vasion, and  thus  to  induce  an  attack  of  the  disease. ' 

'  The  above  account  of  rcaearcbes  relating  to  the  etiology  of  typhoid  fever  is  from 
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40.     BACILLUS   TYPHI   ABOOMINALIS. 

Synonyms. — Bacillus  typhosus  ;  Typhus  bacillus. 

Eborth  (1880  ami  18S1)  demonstrated  the  presence  of  this  bacillus 
in  the  spleen  and  diseased  glands  of  the  intestine  in  typhoid  cada- 
vers. Qaffky  (1884)  firat  obtained  it  in  pure  cultures  from  the  same 
source  and  detertTiined  iis  principal  biological  characters. 

It  is  found,  iu  the  form  of  small,  soiittered  colonies,  in  the  spleen, 
the  liver,  the  glands  of  the  niesenterj-,  the  diseased  intestinal  glands, 
and  in  smaller  nurnliers  in  tlio  kidneys,  in  fatal  cases  of  typhoid  fever; 
it  has  also  been  obtained,  by  puncture,  from  the  spleen  during  life, 
from  the  aUiue  discliarges  of  the  sick,  and  rarely  from  the  urine. 
It  is  not  found  in  the  bl<XKl  of  the  general  circulation,  unless,  pos- 
sibly, in  rare  cases  and  in  small  numbers. 
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no.  108.  f'o-  '*• 

Fio   loe-Baclllus  typhi  abdomlnalU,  from  single  (celatln  colony,    x  J.OOO.    Prom  >  pboto. 
microsrapb.    cFrinkel  and  Pfelffer.  i 

Fio.  JOB  -Bacillu*  typW  ab.lomlo«lta,  from  tdagle  gpUtIn  colony.    X   1.000.    From  n  photo*  , 
mlcroKiitph.     (Sternberg.) 

Morphology. — Bacilli,  usually  one  to  three  m  in  length  and  about 
0.5  to  0.8  ;<  broad,  with  rounded  ends  ;  may  also  grow  out  into  long] 
threads,  especially  upon  the  surfiu^e  of  cix*ked  potato.  The  dimen- 
sions of  the  rods  diflfer  considerably  in  diffi-ri-nt  mwlia.  Spherical  or 
oval  refractive  granules  are  often  seen  at  the  extremities  of  the  rods, 
especially  in  potato  cultures  kept  in  the  iiitulKituig  oven ;  these  are 
not  reproductive  spores,  as  was  at  first  supposciL  The  bacilli  have 
numerous  flagella  arranged  around  the  i>eriphery  of  the  cells — usually 
from    five    to  twenty,    but    many    short  rods    have    but  a  single 

a  paper  read  by  the  writer  iit  the  annual  meeting  of  lh«  Associntioa  of  An 
PhyaicianB,  Wasliington,  D.  C,  June  IBlh,  1886. 
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snninal  flageUum.     These  flagella  are  spiral  in  form,  about  0. 1  /i  in 

ickness,  and  from  three  to  five  times  as  long  as  the  rods  (Babes). 

In  stained  preparations  imstaineJ  '*  vacuoles  "  may  often  be  seen 

it  the  margins  of  the  rods,  either  along  the  sides  or  at  the  ends  ; 

these  appear  to  be  due  to  a  retraction  of  the  protoplasm  from  the  cell 

membrane. 

The  tjrphoid  bacillus  stains  with  the  aniUne  colors,  but  more 
slowly  than  many  other  bacteria,  and  easily  parts  with  its  color  when 
treated  with  decolorizing  agents — e.g. ,  iodine  solution  as  employed  in 
Gram's  method.  Loffler's  solution  of  methylene  blue  is  an  excellent 
staining  agent  for  this  bacillus,  but  permanent  preparations  fade  out 
^ter  a  time  ;  fuchsin,  gentian  violet,  or  Bismarck  brown,  in  aqueous 
Bolution,  may  also  bo  used.  The  flagella  may  be  demonstrated  by 
>fflers  method  of  staining  (p.  32). 


■*^( 
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Fia.  110.— BaoinuB  tjpht  abdominnlw.  AiniDe<i  by  L'tfBer'g  method,  showlD^  flagellA.    y  1,000, 
im  a  photumlcrogrnpb  by  Friinlcel  and  Pfeiffer. 

To  stain  the  bacillus  in  sections  of  the  spleen,  etc. ,  it  is  best  to 
ive  these  in  Loffler's  methylene  blue  solution  or  in  the  carbol- 
ichsin  solution  of  Zichl  for  twelve  hours  or  more ;  or  the  auiline- 
ichsin  solution  may  be  used.  The  sections  shoidd  l>e  washed  in 
istilled  water  only,  when  Ziehl's  solution  is  used,  or  with  a  very  di- 
ite  solution  of  acetic  acid  when  Ehrlicli's  tul»ercle  stain  is  employed 
[Baumgarten). 

jBiological  Chdracfers, — The  typhoid  bacillus  is  a  motile,  aern- 

iCf  non-Uqtiefyinq  bticillus.  which  grows  readily  in  a  variety  of 

ilture  media  at  the  "  room  temperature."     Although  it  grows  most 

ibundantlj-  in  tlie  presence  of  free  oxygen,  it  may  also  develop  in  its 

ibsence,  and  is  consequently  o.  facultative  anaerobic. 
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Fio.  Ill— Sinelecolony  of  Bacilluii 
typhi  BbUomlnalls,  lu  nutri«Dt  Kela- 
tin.  (v!>  FroiQ  a  pholo^n^ph  hy 
Roux. 


Ill  gelatin  plate  cultures  small,  white  colonies  are  developed  at 
the  end  of  thirty -six  to  forty-eight  hours,  which  under  the  microscope 

are  seen  to  he  somewhat  irregular  in 
oJitUne  and  of  a  spherical,  oval,  or  long- 
oval  form  ;  these  have  by  transmitted 
light  a  slightly  granular  appearance  and 
a  yellowish -brown  color.  At  the  end  of 
three  or  four  days  the  colonies  upon  the 
surface  of  the  gelatin  form  a  graj-ish- 
white  layer  of  one  to  two  millimetres  in 
diamnter,  with  more  or  less  irregular 
margins,  and,  when  developed  from  deep 
c<  >lnniea,  with  an  opaque  central  nucleus. 
These  colonies,  by  transmitted  light, 
have  a  yellowish-brown  color  towards 
the  centre,  where  they  are  thickest, 
while  the  margins  are  colorless  and  transiparent ;  the  surface  is  com- 
monly marked  with  a  network  of  Unes  and  furrows.  Stick  cultures 
in  ton-per-cent  gelatin,  at  18"  to  20°  C,  at  the 
end  of  three  days  show  upon  the  surface  a 
whitish,  semi-transjwirent  layer,  with  sharply 
defined  margins  and  irregular  outline,  which 
haa  a  shining,  pearly  lustre  ;  and  along  the 
line  of  puncture  a  grajnsh-white  growth,  made 
up  of  crowded  colonies,  which  are  larger  and 
more  distinct  at  the  bottom  of  the  line  of  growth. 
Upon  nutrient  agar,  at  a  temperature  of  35° 
to  37°  C. ,  the  growth  is  more  rapid  and  forma 
a  whitish,  semi-transparent  layer.  The  cul- 
tures give  otf  a  faint  putrefactive  odor.  The 
growth  upon  bhwd  serum  is  rather  scanty,  in 
the  form  of  transparent,  shining  patches  along 
the  hue  of  inoculation. 

The  typhoid  bacillus  develops  abundantly 
in  milk,  in  which  fluid  it  pro<luce8  an  acid  re- 
at^tion ;  it  also  grows  in  various  vegetable  in- 
fusions and  in  bouillon. 

None  of  the  above  characters  of  growth 
are  distinctive,  as  certain  comuKjn  bacilli  found 
in  normal  fieces  present  a  very  similar  appear- 
ance when  cultivated  in  the  same  media. 

The  growth  of  this  bacillus  upon  potato  is 
an  important  character,  as  was  first  pointed  out 
by  QsiSky.     In  the  incubating  oven  at  the  end  of  forty-eight  hours, 
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Bm-I1Iu*  typhi 
abdoinioklU ;  aUck  cultara 
in  nutrient  (relatln,  etghtb 
day  »t  16-  «•  C  (BaiiB^ 
gartm.) 
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or  at  the  room  temperature  in  three  or  four  da^'s,  the  surface  of 
the  potato  has  a  niois^t,  shining  appearance,  but  there  is  no  visible 
gTOvvi.h  Buch  as  is  produced  by  many  other  bacteria  upon  this  me- 
dium. A  simple  inspection  would  lead  to  the  belief  that  no  growth 
had  occuiTed ;  but  if  with  a  platinum  needle  a  little  material  is 
i  scraped  from  any  portion  of  the  shining  surface  and  a  stained  pre- 
paration is  made  from  it,  numerous  bacilli  will  be  seen,  some  of 
which  are  likely  to  bo  in  the  form  of  quite  long  threads,  while  others 
are  short  and  have  rounded  extremities.  This  '* invisible  growth" 
has  been  shown  by  the  researchos  of  Buchner  and  others  to  be  most 
characteristic  upon  potatoes  having  a  decidedly  acid  reaction,  as  is 
usually  the  case.  When  cultivated  upon  potatoes  having  an  alkaline 
re^tion  a  thin,  visible  film  of  a  yellowi.sh-brown  colc»r  and  of  limited 
extent  may  be  developed.  Inasmuch  as  several  common  and  widely 
distributed  bacteria  closely  resemble  the  typhoid  biicillus  in  form  and 
in  their  growth  in  nutrient  gelatin,  this  character  of  invisible  growth 
upon  potato  is  very  important  for  its  differentiation,  especially  as  the 
cxjmmon  bacilli  referred  to — Bficillus  coli  communis,  bacillus  of  Em- 
merich— produce  a  very  distinct  and  rather  thick,  yellowish-white 
mass  upon  the  surface  of  potato.  But  recent  researches  show  that 
this  invisible  growth,  although  not  a  common  character,  does  not 
belong  exclusively  to  the  typboitl  biicillus  (Babes). 

This  bacillus  in  its  development  in  culture  media  produces  acids — 
according  to  Brieger  small  quantities  of  volatile  fat  acids,  and,  in 
presence  of  grape  sugar,  lactic  acid.  It  also  grows  reailily  in  a  de- 
cidedly acid  medium,  and  this  character  has  been  employed  as  a  test 
for  differentiating  it  from  other  siixular  bacilli ;  but  some  of  these 
also  grow  in  a  decidedly  acid  medium,  and  too  much  reliance  cannot 
be  placed  uix>n  this  test. 

Brieger  has  shown  that  indol  is  not  produced  in  cultures  of  the 
typhoid  bacillus,  and  Kitasato  has  proposed  to  use  the  indol  test  for 
differentiating  this  from  other  similar  bacilli  which  are  said,  as  a 
rule,  to  give  the  indol  reaction.  This  test  consists  in  the  addition  to 
ten  cubic  centimetres  of  a  bouillon  culture  which  has  been  in  the  in- 
cubating oven  for  twenty-four  hours,  of  one  cubic  centimetre  of  a 
solution  of  sodium  nitrite  (0.03  gramme  to  one  hundred  cubio  centi- 
metres of  distilled  water),  together  with  a  few  drops  of  concentrated 
sulphuric  acid.     If  indol  is  present  a  red  color  is  developed. 

None  of  the  above-mentioned  tests  are  entirely  reUable,  but,  taken 
I  together  with  the  morphological  and  biological  characters  above  de- 
scribed, they  may  enable  the  bacteriological  expert  to  give  a  tolerably 
confident  opinion  as  to  the  presence  of  this  bacillus  in  a  water  supply 
suspected  of  contamination,  etc.  And  when  a  bacillus  having  these 
chajacters  is  obtained  in  a  pure  culture  from  the  spleen  of  a  typhoid 
25 
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cadaver  the  Btudent  may  be  very  sure  that  h©  has  the  typhoid  bacillus. 
But  in  the  presence  of  various  similar  bacilli,  as  in  faeces,  very  careful 
oomimrative  researches  will  be  required  to  determine  in  a  definite 
manner  that  a  non-liquefyiug  bacillus,  obtained  in  pure  cultiires  by 
the  plate  method  is  really  the  one  uow  under  consideration — espe- 
cially BO  as  the  cultures  of  tlie  typlioid  bacillus  in  the  same  medium 
may  differ  considerably  at  different  times,  and  a  number  of  bacilli 
are  known  which  resemble  it  so  closely  that  it  is  still  uncertain 
whether  they  are  to  be  considered  as  varieties  of  the  typhoid  bacillus 
or  as  distinct  species.  Thus  Babes,  in  an  extended  research,  found  in 
the  organs  of  typhoid  cases,  associated  with  the  true  typhoid  bacillus, 
other  bacilli  or  varieties  veiy  cl«3siely  resembling  it.  He  has  also 
described  three  varieties  (?),  obtained  by  him  from  other  sources, 
which  could  only  be  differentiated  from  the  true  tj'phoid  bacillus  by 
very  careful  comparison  of  cultures  made  side  by  side  in  various 
media. 

Cassedebat,  also,  in  an  extended  examination  of  the  river  water 
at  Marseilles  with  reference  to  the  presence  of  the  typhoid  bacillus, 
found  three  species  which  veiy  closely  resembled  it,  but  which  by 
careful  comparison  were  shown  to  present  slight  but  constant  dif- 
ferences in  their  biological  characters.  He  was  not  able  to  find  the 
true  t}q)hoid  bacillus,  and  his  researches,  together  with  those  of  Babes 
and  other  recent  investigators,  make  it  apjiear  probable  that  nmnerous 
mistakes  have  been  made  by  bacteriologists  who  have  reported  the 
finding  of  the  tj-phoid  bacillus  in  river  and  well  water,  in  ftBces,  etc, 
and  who  have  depended  mainly  upon  the  character  of  invisible 
growth  upon  potato  in  making  their  diagnosis.  Cassedebat  states 
that  all  three  of  his  pseudo-typhoid  bacilli  corresponded  in  their 
growth  ujwn  potato  with  the  bacillus  of  Eberth.  They  also  corre- 
sponded in  their  growth  on  gelatin,  agar-agar,  and  blood  serum, 
which,  as  heretofore  remarked,  has  no  characteristic  features.  They 
all  gfavo  a  negative  indol  reaction.  Like  the  typhoid  bacillus,  they 
grew  in  milk  without  causing  coagulation  of  the  casein,  but  two  of 
them  produced  an  alkaline  reiwition  in  this  fluid,  while  the  third  cor- 
responded with  the  typhoid  bacillus  in  producing  a  decided  acid  re- 
action. Differences  were  also  observed  in  bouillon  cultures,  and  in 
bouillon  an<l  milk  to  which  various  anihne  colors  had  been  added,  as 
recommended  by  Holz. 

Whether  the  typhoid  baciUus,  as  obtained  from  the  spleen  of  a 
typhoid  cadaver,  is  in  truth  specifically  distinct  from  these  similar 
bacilli,  or  whether  they  are  all  varieties  of  the  same  species,  result- 
ing from  modifications  in  their  biological  characters  acquired  during 
their  continuous  development  under  different  conditions,  is  an  un- 
settled question.    But,  iu  view  of  the  experimental  evidence  now 
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available,  there  is  nothing  improliable  in  the  supposition  that  they  are 
simply  varieties,  and  that,  as  the  result  of  a  saprophytic  mode  of 
life,  this  bacillus  may  undergo  more  or  less  permanent  mixlifications. 

In  the  writer's  experiments  (1887)  the  thermal  death-point  of  the 
^phoid  bacillus  was  found  to  be  66°  C.,  the  time  of  exposure  being 
ten  minutes  ;  and  potato  ciiltures  contaiiung  the  refractive  granules 
described  by  GaflFky  as  spores  were  found  to  be  infalUbly  destroyed 
by  a  temperature  of  GO"  C.  This  result  has  been  confirmed  by  Buch- 
ner  (1888)  and  by  Janowsky  (1890),  ami  the  inference  seems  justified 
that  these  granules  are  not  reproductive  bodies,  as  was  at  first  be- 
lieved ;  for  spores  are  distinguished  by  their  great  resistance  to  heat 
and  other  destructive  tigencies.  According  to  Buchner,  the  bacilli 
containing  these  refractive  granules  are  even  less  resistant  t!ian  fresh 
cultures  in  which  they  are  not  present,  and  he  is  disposed  to  lix»k 
upon  them  as  representing  a  degeneration  of  the  protoplasm  of  the 
cells.  Thej'  do  not  stain  by  the  muthoils  wliicli  are  successful  in 
staining  the  siK)res  of  other  biwilli,  and,  in  short,  present  none  of  the 
characters  which  disting^sh  spores,  except  the  fonn  and  high  re- 
fractive power. 

The  typhoid  bacillus  retains  its  xHtality  for  many  tnuiiths  in  cul- 
tures; the^vriter  has  preserved  bouillon  cultures  for  more  than  a  year 
in  hermetically  sealed  tul>os,  and  has  found  that  development 
promptly  occurred  in  nutrient  gelatin  inrjculated  from  these.  DriotT 
upun  a  cover  glass,  it  may  grow  in  a  suitable  medium  after  having 
been  preserved  for  eight  to  ten  weeks  (Pfulil).  When  added  to 
Bterilized  distilled  water  it  may  retain  its  vitality  for  more  than  four 
%veek8  (Boltou),  (forty  daj*s  Casscdebat),  and  in  sterilized  sea- water 
for  ten  days  (De  Giaxa).  Added  to  putrefv-ing  faaces  it  may  preserve 
its  vitality  for  several  months  (Ufflemann),  in  typhoid  stools  for  three 
months  (Karlinsld),  and  in  earth  upon  which  bouillon  cultures  had 
been  poured  for  five  and  one-half  months  (Grancher  and  Deschamps). 

In  hanging-drop  cultures  this  bacillus  may  be  seen  to  exhibit  very 
active  movements,  the  shorter  rods  rapidly  crossing  the  field  with  a 
darting  or  tr<-and-fro,  progressive  motion,  while  longer  filaments 
move  in  a  serpentiue  manner. 

In  addition  to  the  volatile  fat  acids  which,  according  to  Brieger, 
are  formed  in  small  amounts  in  cultures  of  the  typhoid  baciUus,  and 
to  lactic  acid  formed  in  solutions  containing  g^ape  sugar,  a  basic 
substance  possessing  toxic  properties  has  been  isolated  by  the  chemist 
immed — his  typhotoxine  (C,H„NOJ.  Brieger  supposes  that  other 
basic  substances  are  likewise  formed,  but  believes  this  to  bo  the  speci- 
fic product  to  which  the  pathogenic  action  of  the  bacillus  is  due.  It 
is  a  strongly  alkaline  base,  which  produces  in  mice  and  giiinea-pigs 
salivation,  paralysis,  dilated  pupils,  diarrha?a,  and  death. 
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Numerous  experiments  have  been  made  to  determine  the  amounts 
of  various  germicidal  agents  required  to  destroy  the  vitality  of  this 
bacillus,  and  the  action  of  antiseptics  in  restraining  its  development. 
For  the  results  of  these  experiments  the  reader  is  referretl  to  the 
sections  in  Part  Second  relating  to  the  action  of  antiseptics  and  disin> 
fectants. 

Pathogenesis. — The  very  numerous  experiments  which  have  been 
made  ou  the  lower  animals  have  not  been  successful  in  producing  in 
any  one  of  them  a  typical  typhoid  process.  Nor  is  this  surprising, 
in  view  of  the  fact  that,  so  far  as  is  known,  no  one  of  them  is  liable  to 
contract  the  disease,  as  man  does,  by  the  use  of  infected  food  or 
water. 

The  exijeriments  of  Frankel  and  Simmonda  show  that  when  c<Hi- 
siderable  quantities  of  a  pure  culture  of  this  bacillus  are  injected  into 


Fio.  IIS  —Section  through  wmil  of  inteallne,  showing  Inruioa  \iy  trpboid  badUL    x  MO. 
(Baumgarten.) 

the  circulation  of  rabbits  through  the  ear  vein,  or  into  the  peritoneal 
cavity  of  mice,  a  certain  proportion  of  the  inoculatetl  animals  die, 
usually  within  forty-eight  hours,  and  that  the  bacillus  may  be  re- 
covered from  the  various  organs,  although  it  is  not  present  in  the 
blood.  But  death  dijes  not  always  occur  from  intravenous  injections, 
and  subcutaneous  or  intraperitoneal  injections  in  rabbits  are  usually 
without  result  Subcutaneous  injections  in  mice  proved  to  be  fatal  in 
ten  cases  out  of  sixteen  inocuhited  by  A.  FrankeL  Seitz,  by  following 
Koch's  metho<l — i.e.,  by  rendering  the  contents  of  the  stomach  alka- 
line, and  arresting  intestinal  peristalsis  by  the  administration  of 
opium — obtained  a  fafeil  result,  in  a  majority  of  the  guinea-pigs  experi- 
mented upon,  from  the  introduction  of  ten  cubic  centimetres  of  a 
bouillon  culture  into  the  stomach  through  a  pharyngeal  catheter. 
We  may  remark,  with  reference  to  these  results,  that  while  they  show 
that  cultures  of  the  typhoid  bacillus  have  a  certain  pathogenic  power. 
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they  also  show  that  the  auimals  experimentod  upon  frequently  re- 
covered after  comparatively  large  doses,  and  that  the  typhoid  bacil- 
lus is  not  pathogenic  in  the  same  sense  as  are  those  microorganisms 
Avhioh,  when  introduced  into  the  body  of  a  susceptible  animal  in  very 
minute  amount,  give  rise  to  general  infection  and  death.  On  the 
other  hand,  a  fatal  result  depends  upon  tlit»  quantity  of  the  culture 
ixitroduced  in  the  first  instance,  rather  than  upon  the  multiplication 
of  the  bacillus  in  the  body  of  the  inoculated  animal.  This  view  is 
confirmed  by  the  experiments  of  Sirotinin,  which  show  not  only  that 
a  fatal  result  depends  upon  the  quantity  injected,  but  also  that  a 
similar  result  follows  the  injection  of  cultures  which  have  been  ster- 
ilized b\'  heiit  or  filtration.  The  pathogenic  action,  then,  depends 
upon  the  presence  of  toxic  substances  produced  during  he  growth  of 
the  bacillus  in  artificial  culture  media.  The  researches  of  Brieger, 
heretofore  referred  to,  show  the  presence  in  such  cultures  of  a  toxic 
ptomaine — his  typhotoxine^ — to  which  the  pathogenic  potency  of  these 
cultures  appears  to  ho  due.  White  mice  find  guinea-pigs  usually  die 
in  from  twenty-four  to  forty -eight  hours  wlien  inoculated  in  the 
cavity  of  the  abdomen  with  a  virulent  culture  of  the  typhoid  bacillus 
— 0.1  cubic  centimetre  to  0.5  cubic  centimetre  of  a  bouillon  culture 
three  days  old.  According  to  Kitasato,  the  virulence  of  cultures 
from  different  cases  of  typhoid  fever  varies  considerably. 

Detection  of  the  Tijphoid  Bacillus  in  Water. — The  generally 
recognized  fact  that  tj^jhoid  fever  is  usually  contracted  by  drink- 
ing water  contaminated  by  the  typhoid  bacillus  has  led  to  numer- 
ous researches  having  for  their  object  the  discovery  of  a  reliable 
method  of  detecting  this  bacillus  when  present  in  water  in  compara- 
tively small  numbers  in  association  \vith  the  ortlinary  water  bacilli. 
The  use  of  Koch's  plate  method,  as  commonly  employed,  will 
not  suffice,  because  the  water  bacilli  present  grow  more  rapidly 
aJid  cause  liquefaction  of  the  gelatin  before  ^'dsible  colonies  of  the 
tjT>hoid  bacillus  are  formed  ;  smd,  o\ving  to  the  relatively  small 
number  of  typhoid  bacilli,  these  are  likely  to  escape  detection.  The 
aim  of  bacteriologists  has,  therefore,  been  to  restrain  the  growth  of 
these  common  water  bacilli  by  some  agent  which  does  not  at  the 
Bame  tune  prevent  the  development  of  the  typhoid  bacillus.  Chan- 
temesse  and  Widal  were  the  firat  to  propose  the  use  of  carbolic  acid 
for  this  purpose.  They  recommended  the  addition  of  0. 25  per  cent 
of  this  agent  to  nutrient  gelatin  ;  but.  according  to  Kitasato,  the  de- 
velopment of  the  typhoid  bacillus  is  restrained  by  an  amount  exceed- 
ing O.vO  per  cent. 

Holz  prepares  an  acid  medium  by  adding  gelatin  (ten  per  cent)  to 
the  juice  of  raw  potatoes,  and  asserts  that  while  the  typhoid  bacillus 
grows  luxuriantly  in  this  medium,  many  other  bacilli  fail  to  develop 
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in  it.  The  test  is  said  to  be  still  more  reliable  if  0.05  per  cent  ct  ai- 
bolic  acid  is  added  to  the  ''  potato-gfelatin."  According  to  Hoh,  tk* 
addition  of  more  than  0. 1  percent  of  carbolic  acid  to  tiutneat  pkA. 
prevents  the  free  development  of  the  typhoid  bacillufi. 

Thoinothas  claimed  to  be  able  to  obtain  the  typhoid  badllaifrv 
mixed  cidtures — as,  for  example,  from  fseces — by  suspending  a  ■■! 
amount  of  material  containing  it  for  several  hours  in  a  aolatioD  m- 
taining  0.35  per  cent  of  carbolic  acid.  While  other  badS  m 
destroyed,  the  typhoid  bacillus  is  said  to  survive  such  oxpoaun. 

The  method  of  Parietti  has  recently  been  tested  in  a  pcadiBK 
way  by  Kamen,  and  proved  to  be  satisfactory  for  the  detectka  d 
the  typhoid  bacillus  in  water  which  was  suppoeed  to  be  the  saoBOttf 
a  local  epidemic  of  the  disease.     The  following  solution  is  ond : 

Carbolic  acid, .  5 

Hvdrochloric  acid  (pure).        .....  4 

Dfstjllfd  water 100 

Several  test  tubes,  each  of  which  contains  ten  cubic 
of  neutral,  sterUizod  liouillon,  are  used  in  the  experiment,  fm 
three  to  nine  drops  of  the  acid  solution  are  added  to  eadi  ti  1km. 
and  the  tubes  are  then  placed  in  an  incubating  oven  for  tireuly-lBr 
hours  to  ascertain  whether  they  are  still  sterile  after  ti»»» 
If  the  bouillon  remains  clear,  from  one  to  ten  drops  of  tli» 
water  are  added  to  each  tube  and  they  are  returned  to  the 
oven.  If  at  the  en<l  of  twenty-four  hours  the  booiUcm 
clouded,  this  is  due,  according  to  Pari«tti,  to  the  preweace  ol 
typhoid  bacilUis.  which  is  then  to  be  obtained  in  pure  culturca  by 
plate  method. 

The  following  method,  suggested  by  Hazen  and  Wliite,  Iuh 
tested  with  favorable  results  by  Foote.     This  method  depend* 
the  fact  that  mo(>t  of  tlie  common  water  bacilli  do  not  grow  at  • 
perature  of  40°  C,  whereas  this  is  a  favorable  tempermtorv  for 
development  of  the  typhoid  bacillus.     A  small  quantity  of  the 
pected  water  is  added  to  liquefied  nutrient  agnr  in  t««!t  tnbM^ 
plates  are  made.     These  are  placed  in  an  incubatinp:  oven  at  VC 
and  the  typhoid  bacillus,  if  present,  will  develop  colonies  wilhia 
or  tliree  days.     At  the  ordinary  room  temfierature  the  noora 
water  bacilli  would  develop  upon  the  same  plates  so  abaadas^f 
it  would  be  difficult  to  recognize  colonies  of  the  typhoid  badDtti. 

Theol>ald  Smith  {Centralb.  f.  Bakieriol.   Bd.    xii..  pnga 
has  shown  that  the  typboid  bacillus  may  be  dilTerpntiated  trom^ 
similar  bacilli  (Bacillus  coli  communis,  bacillua  of  ho^  cboltni, 
by  the  fact  that  it  does  not  produce  gas  in  culture  media 
migar — grajie  sugar,  cane  sugar,  or  milk  sugar.     The  mediuin 
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1  by  Smith  for  making  this  test  is  a  peptone-bouillon  contain- 
ing two  per  cent  of  grape  sugar  and  made  slightly  alkaline  with 
carbonate  of  soda.  The  liquid  becomes  clouded  throughout  at  the 
end  of  twenty-four  hours,  but  not  a  trace  of  gas  is  developed  even 
after  several  days.  On  the  other  hand,  the  colon  bacillus  and  other 
bacilli  which  closely  resemble  the  typhoid  bacillus  cause  an  abundant 
development  of  gas  in  this  medium. 

The  method  of  Wurtz  will  be  found  useful  in  the  detection  of 
colonies  of  the  typhoid  bacillus  in  plate  cultures  from  contaminated 
water,  etc.  This  consists  in  the  addition  to  the  nutrient  medium  of 
lactose  (two  per  cent)  and  a  solution  of  litmus.  When  the  colonies 
develop  in  plates  made  from  this  medium  the  typhoid  colonies  re- 
main blue,  while  colonies  of  the  "colon  bacillus "  hare  a  red  color, on 
account  of  the  development  of  lactic  acid. 

Schild  (l&;t4)  uses  a  bouillon  containing  formalin  (1:7,000)  and 
claims  that  the  typhoid  bacillus  fails  to  grow  in  this  medium,  while 
the  bacilli  of  the  colon  group  multiply  in  it  and  cause  the  me- 
dium to  become  clouded  within  twenty-four  hours.  Abel  (1894),  asa 
result  of  extended  experiments,  arrives  at  the  conclusion  that  the 
formalin  test  cannot  be  relietl  upon  for  distinguishing  the  typhoid 
bacillus  from  certain  similar  bacilli,  whicli  also  fail  to  grow  in  for- 
malin solution.  But,  on  the  other  hand,  a  bacillus  which  grows  in 
bouillon  containing  1 : 7,000  of  formalin  can  be  definitely  pronoimced 
to  be  not  the  typhoid  bacillus. 

Eisner  (ISOS)  recommends  the  following  method  for  the  detection 
of  the  typhoid  bacillus  in  water  or  in  faeces:  To  potato  gelatin,  pre- 
j}ared  by  the  method  of  Holz,  be  added  one  per  cent  of  potassium 
iodide.  But  few  species  of  bacteria  will  grow  in  this  medium,  but 
Bacillus  coli  communis  grows  in  it  luxuriantly,  forming  fully  de- 
veloped colonies  at  the  end  of  twenty-four  hours.  The  typhoid  col- 
onies, on  the  contrary,  are  only  just  visible  under  a  low  power  at  the 
end  of  twenty-four  liours,  and  at  the  end  of  forty-eight  hours  are 
seen  as  small,  shining,  drop-like,  very  finely  granular  colonies.  At 
the  same  time  the  colonies  of  the  colon  bacillus  are  much  larger, 
coarsely  granular,  and  of  a  brownish  color.  By  this  method  Eisner 
succeeded  in  obbiining  pure  cultures  of  the  typhoid  bacillus  from 
the  faeces  in  fifteen  out  of  seventeen  cases  of  typhoid  fever,  in  various 
stages  of  the  disease.  Lazarus  (1895)  has  tested  this  method  and  re- 
jx)rts  that  he  succeeded  without  any  difficulty  in  obtaining  pure  cul- 
tures of  the  typhoid  bacillus  from  the  alvine  discharges  of  typhoid 
patients. 

When  the  typhoid  bacillus  and  the  colon  bacillus  are  planted  to- 
gether, in  the  same  liquid  medium,  the  first-mentioned  bacillus,  even 
•when  in  excess  at  the  outset  of  the  experiment,  soon  disappears  and 
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the  Bacillus  coli  cornmunis  reraaius  in  full  posseesion.  Acoofiii^ 
to  Wathelet  (18£*.'))  the  colon  bacillus  will  grow  in  bouillon  wbd 
has  served  as  a  culture  medium  for  the  typhoid  bacillus,  or  as  ta 
surface  of  an  agar  plate  from  whicli  a  typhoid  culture  has  bent  » 
moved ;  but  the  typhoid  bacillus  fails  to  develop  in  culture  mdm 
which  have  served  for  the  development  of  the  colon  bacilUis. 

The  various  diagnostic  tests  which  have  been  proposed,  and  tbi 
extensive  literature  of  the  subject,  show  that  the  reeof^itioD  of  tb 
typhoid  bacillus  in  Avater,  faeces,  etc.,  is  attended  wTth  BenamtA" 
culties.  This  is  chiefly  due  to  the  fact  that  bacilli  hare  been  d^ 
tained  from  various  sources  which  rosemblo  more  or  Iee»  doeelf  Ai 
typical  typhoid  bacillus  as  obtained  from  the  spleen  of  a  tjpboif 
patient  (or  cadaver)  and  the  "  colon  bacillus  "  as  found  in  the  aliiiMB- 
tary  canal  of  healthy  men  and  animals;  and  aUo  from  the  fact  tk« 
the  bacillus,  as  obtained  from  typhoid  cases,  varies  to  some  extent  B 
its  biological  characters,  and  that  varieties  may  be  produced  io  ftt 
bacillus  as  obtained,  from  a  single  colony,  by  special  modes  of  erili* 
vation.  From  a  consideration  of  these  facts  certiiin  autbon  kffi 
been  led  to  the  conclusion  that  Bacillus  typhi  abdominalis  and  '. 
coli  communis  are  simply  varieties  of  the  same  species.  This ' 
however,  is  not  generally  accepted,  and  the  characters  which  ierif  ■ 
differentiate  the  two  bacilli  are  sufficiently  well  defined  when  tjpiari 
cidtures  are  compared.  These  characters,  briefly  stated,  an:  T^ 
invisible  growth  of  the  typhoid  bacillus  on  potato;  its  faihliv  tofnt 
the  indol  reaction;  its  failure  to  coagulate  milk,  or  to  prodocB  i 
change  of  color  in  litmus  milk;  its  failure  to  produce  gas  in 
media  containing  glucose  or  lactose;  its  failure  to  grow  in 
bouillon  (1 : 7,000) ;  and  its  active  motility.  Whether  the ' 
lated  biicilli  which  present  some  of  the  characters  above 
without  corresponding  in  all  particulars  with  typical  cultural  of  Ihi 
typhoid  bacillus,  are  varieties  of  this  bacillus,  which  tmder  fawaaUi 
circumstances  could  give  rise  to  typhoid  infection,  has  not  beeaMfr 
nitely  determined,  but  appears  to  be  quite  proliable.  It  may  belltf 
such  varieties  are  developed  when  the  typhoid  bacillus  in  fme»taii 
its  way  into  surface  waters,  under  conditions  whicli  are  CavvcaUefc* 
its  continued  development  as  a  saprophyte.  On  the  other  faaaA,  h 
may  be  that  one  or  more  of  the  saprophytic  bacilli,  which  ara  fami 
in  water  and  which  closely  resemble  the  typhoid  bacillus,  may  gifers* 
to  the  infectious  disease  which  we  know  ns  typhoid  fevar  whea  i*- 
troduced  into  the  alimentary  canal  of  a  particularly  suaoefilible  iadi- 
vidual,  and  that  the  special  conditions  attending  its  devtelopBVl  ■ 
a  parasite  g^ve  rise  to  certain  modifications  in  its  biological  cImsv- 
ters  of  a  more  or  less  permanent  kind. 

Frankland  (181>5),  as  a  result  of  extended  exp^rimenta,  hasairi^ 
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t  the  conclusion  that  when  the  typhoid  haciUus  is  cultivatetl  for  a 
long  time  in  media  which  are  more  and  more  largelj'  diluted  with 
"water,  it  acquires  an  increased  ability  to  survive  in  river  water. 

A  predisposition  to  typhoid  infection  is  established  by  various 

epressing  agencies,  such  as  inanition,  overwork,  mental  worry,  in- 

aanitary  surroundings,  etc.     And  there  is  considerable  evidence  in 

aupport  of  the  supposition    that  exposure   to   the  offensive   gases 

iven  off  from  ill-ventilated  sewers  constitutes  a'  predisposition   to 

he  disease. 

Experiments  made  by  Alessi  (1894),  in  the  Hygienic  Institute 
f  the  University  of  Rome,  give  supjiort  to  this  view.  The  ex- 
riments  were  made  upon  rats,  guinea-pigs,  and  rabbits.  The 
rats  were  confined  in  a  close  cage  with  perforated  bottom,  which  was 
placed  over  the  opening  of  a  privy;  the  guinea-pigs  and  rabbits  in 
Biiiiilar  cages  having  a  receptacle  below  in  which  their  own  excreta 
as  allowed  to  accumulate.  The  animals  which  breathed  an  atmo- 
phere  vitiated  in  this  way  lost,  after  a  time,  their  usual  activity  and 
became  emaciated,  although  they  continued  to  eat  greedily.  When 
these  animals  were  inoculated  with  a  small  quantity  of  a  culture  of 
the  typhoid  bacillus  ((>.*i3  to  0.5  cubic  centimetre)  they  died  within 
from  twelve  to  thirty -six  hours.  The  same  amount  of  the  typhoid 
culture  injected  into  control  animals  produced  no  injurious  effect.  In 
the  animals  which  Huccnmbed  to  typhoid  infection  there  was  found  a 
hemorrhagic  enteritis,  increase  in  volume  of  Pej'er's  glands  and  of  the 
pleen,  and  typhoid  bacilli  in  the  blootl,  liver,  and  spleen.  The  char- 
teristic  appearances  of  typhoid  infection  were  more  pronounced  in 
he  rabbits  and  guinea-pigs  than  in  rata.  Similar  experiments  with 
3acillus  coli  communis  gave  similar  results.  The  time  required  to 
induce  this  predisposition  for  tyj>lioid  infection  was  from  five  to 
venty-two  days  for  the  rats,  seven  to  fifty-eight  for  the  gninea- 
igs,  and  three  to  eighteen  for  the  rabbits.  Alessi  found  that  the 
aceptibility  to  infection  climinished  after  a  certain  time,  and  aug- 
that  in  a  similar  way  man  may  become  habituated  to  breathing 
atmosphere  containing  sewer  gases. 

Piis-Pfoduvtiou  bf/  Typhoid  Bacilli. — The  recent  literature  re- 
lating to  the  typhoid  bacillus  includes  many  observations  as  to  its 
presence  in  accumidations  of  pus  in  various  parts  of  the  body — often 
a  pure  culture.     It  has  l)een  found  in  a  considerable  niunber  of 
of  periostitis  secondary  to  tj-phoid    fever,   in  purulent  syno- 
tis,  and  in  abscesses  in  various  parts  of  the  body. 

Dmochowski  and  Janowski  (1895),  as  the  result  of  a  review  of  the 
terature  and  a  painstaking  experimental  research,  arrive  at  the  con- 
lusion  that  ev-ni  in  abscesses,  occurring  in  typhoid  fever  cases,  in 
bich  only  the  pus  cocci  are  found,  it  is  probable  that  the  typhoid 
S6 
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bacillus  originated  the  process  resulting  in  abscess  formatioiL  Bf 
assert  that  the  typhoid  bacillus  dies  out  in  a  oomfesaMjM 
time  in  abscesses  which  are  directly  due  to  its  pieemce,iBili 
often  it  may  be  found  in  the  abscess  walls  when  its  preaeoaeiia 
longer  be  demonstrated  in  the  purul«it  contents  of  tbeabacMCRlt^ 
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PATHOGENIC  BACTiSRIA. 

Fio.  1.— Bacillus  uiitiu'iicis  from  cellular  ti&sue  of  inoculated  !ii-vi« 
Stained  with  gt*utiuii  viok't.  x  1,000.  Photoiiiicrog'raph  by  Friink^i  «ac 
PfeilFt-r. 

Fi(}.  2. — Bacillus  antliracLs  in  section  of  liver  of  inoculated  nbos. 
Stained  with  Bismarck  brown,     x  250.    Photoiiiicrograph  by  Stembof. 

FiQ.  3. — MicnKoccus  g«>norrhce:e  in  gonorrhoeal  pus.  Stained  witt|» 
tian  violet,     x  1,000.     Piiolomicrogruph  by  gasligpht  (Steriibeis). 

Fig.  4. — Anthrax  s]k>i-cs  fi-oin  a  liouillon  culture.  Double-stainedpNia* 
tion— with  carbol-fuclisin  and  methylene  blue,  x  l.OOO.  PhvtUtaaenfOfk 
by  Friinkcl  and  Pfeiffer. 

Fig.  5. — Si>irillum  <;holer:e  Asiaticic  from  a  culture  upon  starched  liar, 
at  end  of  twenty-four  lnmi's  Stained  with  fuchsin.  x  l.OX).  Phoias. 
fi-osfi-aph  by  Fninkel  ami  Pfeiffer. 

Fill.  (>. — Bacillus  diphlhiM'i:i;  froin  colony  upon  an  sigar  plalv.  tw^tt 
four  huiirs  old.  Stainod  with  Liitfler's  solution  of  niethyloue  blue,  t  1  *' 
PholDinicroyraph  by  Friinkel  and  Pfeitfor. 
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Diphtheria  Ls  generally  ret-ogiiized  by  jihysicifins  as  a  specific 
infectious  disease,  and,  owing  to  its  wide  prevalence  and  fatal  char- 
acter, a  precise  knowledge  of  its  etiology  is  of  the  greatest  import- 
ance. Until,  as  a  result  of  recent  researches,  this  was  determined, 
pathologists  were  in  doubt  as  to  whether  diphtheria  should  be  con- 
sidered as  primarily  a  local  infection,  or  whether  the  local  manifesta- 
tions were  secondai'y  to  a  general  systemic  infecti*  >n.  But  this  questit  m 
appears  noAV  to  be  definitely  settled  hi  favor  of  the  former  view.  We 
have  to-day  a  very  precise  knowledge  of  the  six'cific  infecting  agent, 
and  have  evidence  that  it  prwluces  during  its  gi-owth  a  very  potent 
twxic  substance,  the  absorption  of  which  from  the  seat  of  local  infec- 
tion accounts  in  a  satisfactory  manner  for  the  general  symptoms  of 
the  disease,  which  are  due  to  toxfemia  and  not  to  an  invasion  of  the 
bkxxl  and  tissues  by  the  pathogenic  microorganism  proilucing  it. 

Numerous  researches  by  competent  bacteriologists  have  failetl  to 
demonstrate  the  presence  of  bacteria  in  the  blood  tti  patients  suflfer- 
ing  from  diphtheria,  but  a  variety  of  micmorgiinisms  have  been  ol> 
tained  in  cultures  from  diphtlieritic!  pseudomcmbranes,  and  may  be 
demonstrated  by  the  microscopical  examination  of  stainetl  prepara- 
tions. Among  these  are  the  wi^Il-known  |)us  organisms,  and  esj>e- 
cially  the  Streptococcus  jn-ogenes,  wliicli  appears  to  l>e  very  commonly 
present,  and  is  perhaps  the  active  agent  in  the  protluction  of  certjiin 
forms  of  pseudo-di])htheria.  But  the  maligntint,  specific  diphtheria, 
so  well  known  in  this  countiy  and  in  Euroi^»e,  has  been  demonstrated 
by  the  rec-ent  researches  of  bacteriologists  to  be  due  to  a  bacillus  first 
recogm'zed  by  Kiebs  in  stained  preparations  of  diphtheritic  false 
membnines  (1883),  and  cultivated  and  described  by  Lofflor  in  1884. 
In  his  first  publication  Lijffler  did  not  claim  to  have  fully  demon- 
atrate<l  the  etiologiciil  relation  of  this  bacillus,  but  this  appears  to  be 
fully  established  by  subsequent  researches. 

In  his  first  research  Loffler  studied  twenty-five  cases,  and  in  the 
greater  number  of  them  found  in  stained  preparations  the  bacil- 
lus previously  described  by  Klebs.      From  six   of  these  c;ises  he 
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obtained  it  in  pure  cultures,  and  by  iu<)culation8  in  pigeons,  chickens,' 
rabbits,  and  ^linea-pijfs  provwl  that  it  gtive  rise  to  a  diphtheritic 
infiamniatiun  when  inoculated  into  the  mucous  raembraxte  of  the 
trachea,  conjunctiva,  pharynx,  or  vagina.  In  a  second  commiinica- 
tioii  Ijoffler  rejxirtt?d  his  succ^ess  in  finding  the  siinie  bacillus  in  ten 
additional  cases,  aud  also  that  he  had  isolated  from  the  saine  sourw 
a  iK>n-pathogeuic  bacilluH  which  rewtniihled  it  very  closely.  This 
pseudo-diphtheria  bacillus  has  since  be<?n  found  by  other  hacteri- 
()luy:i»t8  (Von  Hoffmann,  Roux  and  Yersin),  and  it  ia  uncertain 
whether  it  is  to  bo  cttusideretl  a  distinct  species,  or  a  non-pathogenic 
variety  of  the  diphtheria  bacillus  aa  maintained  by  Roux  and  Yersin. 
But  its  occasional  prt«<enc6  does  not  invalidate  the  very  positive  ex- 
perimental evidence  relating  to  the  specific  pathogenic  power  of  the 
true  diphtheriii  bacillus. 

Loffler,  in  18'.H>,  reviewed  the  evidence  upon  which  this  bacillus  ia 
now  generally  cancelled  by  bacteriologists  to  be  the  specific  infectioos 
agent  in  true  diphtheria.  The  following  are  the  principal  points  in 
the  demonstration : 

FiKST,  —  //  is  found  in  all  undoubted  cases  of  diphtheria.    In 
supp«jrt  of  this  we  have  the  results  of  researches  made  by 
Wyssokowatsch,    D'Espine,    Von    Huffmann,  Ortmann,  Roux 
Yersin,  Kolisko  and  Paltuuf,  Zariidco  and  Sorensen,  who  in 
every  ciise  have  denmn.strated  without  difficulty  the  presence  of 
bacillus.     On  the  other  baud,  Prudden  failed  to  find  it  in  a  series 
twenty-four  cases  studied  by  him :  but  his  o^vn  account  of 
ctisea  indicates  that  tliey  were  not  cjises  of  true  diphtheria.     He  m 
in  a  subsequent  communicati<m  : 

"In  vieirof  tlie  duubt  existing  among  practitioners  as  to  wheUutir 
forma  of  iwteiido-meriibraiKm.s  iutlaiiimation  should  be  called  diphtheria 
not,  and  with  the  puri)o.He  of  making  a  wholly  objective  Ktudy,  the  writ 
,  distinctly  stated  at  the  outset  uf  that  paper  that  all  the  fatal  cases  of 
aivo  p.seudo-men»brauous  hu^agitis,  as  well  iv<.  uharyngitis,  should 
study  be  considered  as  cases  of  tfipbtheria.     This  left  the  question  as  to  ' 
propriety  of  osUiblishing  separate  groups  of  i>.seudo-membnini>us  inf 
tioa  open  and  free  from  bias.     It  was  distinctly  stated,  hovv»»v-—   ♦»>i»t 
t«ea  out  of  the  twenty-four  cases  occurred  in  a  large  iutyl 
measles  and  scarlet  fever  were  prevalent  during  the  period  ii.  ,, 
studies  were  under  w.iy.     Five  other  cases  in  another  asylum  w«ra  bi- 
posed  to  similar  conditions." 

In  a  subsequent  series  of  "  twelve  cases  of  fatal  pseud 
bninous  inflammatifm  fx-curring  in  two  children's  aaylaras,  ia 
for  nuuiy  months  there  had  been  no  scarlatina  and  no  meaaleB, 
ill  which  there  was  no  complicating  su]jpurative  inflammatioa 
no  erysipelas,"  Prudden  (1890)  obtained  Loftier's  bacillus  in 
from  eleven,  and  he  kij-s  : 

"  We  are  now,  it  would  seem,  justitled,  as  it  did  not  appear  to  tha  ' 
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that  we  were  two  years  ago,  owing  to  the  large  numbor  of  important  w- 
searches  which  have  been  msule  in  the  interim,  in  saving  that  the  name 
diphtheria,  orat  leaslprimary  diphtheria,  shoiihl  be  applied,  and  exchtsively 
applied,  to  that  acute  infectious  disease,  usually  associated  with  u  pwMjdo- 
membranous  iuftammatiou  of  the  mucous  membranes,  which  in  pnmurily 
caused  by  the  bacillus  called  Bacillus  tliphtherife  of  LofHer." 

"With  reference  to  tlio  question  as  to  how  long  after  conTalescence 
ia  established  the  diplitiieria  bacilhis  may  be  present  in  the  throat 
of  an  infected  person,  Lofflerhaa  made  the  following  research  (IfiOO). 
In  a  tj^ical  case  a  b^jctoriolojtpcal  examination  was  maile  daily  from 
the  commencement  until  fourteen  days  after  its  t«-'rminiiti»in.  Fever 
disappeared  on  the  fifth  day,  and  the  exudation  had  all  disappeared 
on  the  sixteenth  day.  Up  to  this  time  the  bacillus  wjis  daily  ob- 
tained in  cultures,  and  subsequently  nearly  every  day  up  ti')  the 
twenty -fifth — that  is,  for  three  weeks  after  the  febrile  symptoms  had 
disappeared.  Roux  and  Yersin  have  also  obtained  the  bacilhis  in 
cultures  from  mucus  scraped  fri)m  the  throats  of  convalescents  sev- 
eral days  after  the  disappearance  of  all  evidence  of  the  disease. 

Second.  The  Klebs-Loffler  havtllns  is  found  only  in  diph- 
theria.— In  his  earlier  researches  L(>ffler  obtained  the  bacillus  in  a 
single  instance  from  the  mouth  of  a  healthy  child,  and  thi.n  fact  led 
him  to  hesitate  in  announcing  it  as  his  conviction  that  it  was  the 
tnie  cause  of  diphtheria.  But  in  extended  re.searchos  made  subse- 
quently he  has  not  again  Hueceejled  in  finding  it,  except  in  associa- 
tion with  diphtheria,  and  admits  now  that  he  may  have  l>een  mis- 
taken as  to  the  identity  of  the  bacillus  found.  This  seems  not 
improbable  in  view  of  the  fact  that  very  similar  bacilli  have  been 
found  by  various  bacteriologists.  Thus  Vuu  Hoffmann  obtained  a 
very  similar  but  non-pathogenic  bacillus  f  ritm  the  mucus  of  chronic 
n^isal  catarrh  and  from  healthy  mucous  membranes  ;  Babes  from 
cases  of  trachoma,  Neiaser  from  ulcers,  Zarinko  from  the  surface  of 
various  mucous  membranes.  But  all  of  these  were  shown  ti>  present 
certain  differences  in  their  biological  characters  by  which  they  could 
be  differentiated  from  the  true  diphtheria  bacillus. 

Welch  and  AblMjitt  in  thotr  con\parative  stu<lies  did  not  find  the 
Loffler  bacillus,  **or  any  bacillus  that  an  experienced  bacteriologist 
would  be  likely  to  confound  with  it."  They  examined  mucus  from 
the  tliroats  of  healthy  children,  from  those  suflfering  from  simple  in- 
flammation of  the  tonsils  and  pharynx,  and  fr<jm  four  cases  of  so- 
called  follicular  tonsillitis.  As  a  result  of  their  investigations  they 
agree  with  Loffler,  and  with  Roux  and  Yersin,  as  to  "  the  great  prac- 
tical value,  for  ditigno.stic  purposes,  of  a  l«vcteriological  examination 
of  cover-glass  specimens  and  by  cultures  "  of  cases  in  which  there  is 
any  doubt  of  the  true  character  of  the  disease.    They  say  further  : 
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"  The  oaly  species  of  bacteria  which  we  have  found  couatantlpr  in  the 
cases  of  diphtheria  has  been  the  Ijoffler  bacillus.  Two  other  species  h«T© 
been  present  in  many  cases,  vi/..,  the  well-known  streptococcus,  which  grom 
in  much  smaller  colonies  and  less  rapidly  than  the  LoRier  bacillus,  and  ■ 
short,  oral,  often  slightly  uoiuted  bacillus,  growing  in  long  chains  runnui^ 
parallel  to  each  other.  Tliei-e  are  often  marked  irregularities  in  shape  antl 
especially  in  size  of  this  bacillus,  even  of  individuals  in  the  same  chain. 
The  colonics  of  this  bacillu.s  ai-e  grayish-white,  moist,  laiver  than  thoae  at 
the  streptococcus,  but  stnaller  than  those  of  the  LotQer  bacOlus." 

Third.   As  shown,  hy  Loffler's  earlier  researches,  pure  culiurea 

nf  this  baciUns  httlure  rhiirarfen'.tfii-  diphtheritic  inflammation 
whpii  inoculated  into  the  mucous  membranes  of  certain  lower  ani- 
mals. Boux  and  Yersin  have  also  »hown  that  local  paralysis  is 
likely  to  occur  in  inoculated  animals,  as  is  the  case  in  diphtheria  in 
man.  In  speaking  of  thuir  iuuculatious  into  the  trachea  in  rabbits 
the.se  investigators  sjiy  : 

"The  aflfection  which  i.s  tluis  induced  in  the  I'abhit  resembles  croup  ia 
man.  The  difHcuKy  which  the  animal  experiences  in  breathing;  the  nots* 
made  by  the  air  in  pas.sing'  through  the  obstructed  trachea-  the  aspect  of  ths 
trachea,  which  is  cong«.sted  and  covered  with  false  membranes;  the  CBdoou- 
tous  swelling  of  the  tissues  and  glands  of  the  neck,  make  the  reaembtatto* 
ahsolutely  remarkable." 

Welch  and  Abhott  gfive  the  following  account  of  the  results  of 
inoculations  into  the  trachea  in  kittens  : 

"A  half-grown  kitten  is  inoculated  into'tlie  trachea  with  one  platinom 
loop  from  a  pure  cuUui-o  of  the  LolHcr  bacillus  on  glycerin-a^r.  eleven  d^jr* 
old,  derived  from  Gnse  IV.     For  the  inoculation  a  small  median  irvcisioiD '     "' 
made  over  the  trachea,  in  which  a  hole  just  large  enough  to  admit  the  l 
num  loop  was  ma<le.    Tlieculturewas  rubbed  overthe  mucosa  of  thetnwh— ' 
for  an  extent  about  thn^e  centimetres  in  length,  and  in  this  prooe—  aofflcioat 
force  was  used  to  abrade  the  mucous  menibrjine.     On  the  day  following  the 
imx'ulation   no  s|)ccial   alteration  in   the  animal  was  observed,  but  on  ihr 
morning  of  the  second  day  it  was  found  very  weak.     In  the  course  of  thiai 
day  it  became  so  weak  a.'<  to  lie  completely  motionless,  apparently  ut        ^ 
sciouB,  with  very  fo<^ble,  shallow  respiration ;  several  times  it  was  thought  tv" 
be  dead,  but  on  careful  examination  proved  still  to  be  breathing  fe«b]y.    It 
was  found  dead  on  the  mornitngof  ihe  third  day.     At  the  aiit^ipsy  the  wooxui, 
was  found  gaping  attd  cf>vcred  with  a  grayish,  adherent,  necr«)tic,  distil 
diphtheritic  layer.    For  a  considerable  distance  around  the  wound  thei 
cutaneous  tissues  were  very  o>dematoUK,  the  oedema  extending  from  the] 
lower  jaw  down  overthe  sternum,  and  to  the  sideaof  the  neck,  andi  ~ 
the  anterior  extremities.     The  lymphatic  glands  at  the  angle  of  the  jaw  t 
markedly  swollen  and  re<ld«'iied.     The  mucous  membrane  of  tlie 

bcgintiingat  the  larynxand  extending  down  forsix  centimetres,  wat 

with  a  tolerably  firm,  grayishwiiite.  lixjsoly  attached  p>M<udo  niembraiM, 
all  respects  identical  with  the  cn.»u|>ous  inombrunes  observed  iu  the 
atuatiuii  ill  cases  of  human  dijihtheriu." 
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First  observed  by  Klebs 
Isolated  in  pure 
Loffler  (1884). 

Found  in  diphtheritic  pseudo-membranes,  and  especially  in  the 
<K^per  portions,  int^nniugk'd  ^vnth  numerous  cellular  elements;  while 
the  superficial  layers  of  the  niemhraue  commonly  contain  but  few 
cells  or  bacilli,  or  are  invaded  by  other  species,  especially  by  Strep- 
ti>coccus  pyogenes.  The  bacilli  are  not  found  in  the  affected  mucous 
membrane,  or  in  sections  from  the  internal  organs  in  fatal  cases  of 
this  fhsease. 

Morphology. — Rods,  straight  or  slightly  curved,  with  rounded 
ends,  having  a  diameter  of  0..5  to  0.8 
^i.  and  from  'v'  to  :i  fi  in  length.  Ir- 
regular forms  are  very  common,  and. 
indeed,  are  characteristic  <if  this  bacil- 
lus. In  the  same  culture,  and  especially 
in  an  unfavorable  culture  medium,  very 
great  differences  in  form  and  dimen- 
sions may  be  observed  ;  one  or  both  ends 
may  appear  swollen,  or  the  central  por- 
tion may  be  notably  thicker  than  the 
extremities,  or  the  rwl  may  l>e  matle  up 
of  irregular  spherical  or  oval  segments. 
ISIulti plication  occurs  by  fission  only, 
and  the  bacilli  do  not  grow  out  into  fila- 
ments. 

In  unstained  preparations  certain  portions  of  the  rod,  and  espe- 
cially the  extremities,  are  observed  to  be  more  highly  refractive  than 
the  remaining  jx»rtion  ;  and  iu  stained  preparations  these  jKtrtiona 
are  seen  to  be  most  de«])ly  colored.  The  diphtheria  bacillus  may  be 
stained  by  the  use  of  Loffler 'h  alkahne  solution  of  methylene  blue, 
but  is  not  so  readily  st^iined  with  some  of  the  other  aniline  colors 
commonly  employed.  It  stains  also  by  Gram's  method.  For  the 
demonstration  of  the  bacillu.s  in  sections  of  diphtheritic  membrane 
'*  nothing  can  8urpa.sa  in  brilliancy  and  sharp  differentiation  sections 
stained  doubly  by  the  modified  Weigert's  fibrin  stain  and  picro-car- 
mine"  (Welch  and  Abbott). 

Biological  Characters. — The  diphtheria  bacillus  is  aerobic,  iwn- 
motile,  and  non-liquefying;  it  does  not  form  spores.  Itgfrowsmost 
freely  in  the  presence  of  o.\3-gen,  but  is  also  &  facultative  anaerobic. 

Development  occurs  in  various  culture  media  at  a  temperature  of 
from  20"  to  42*  C,  the  most  favorable  temperature  being  about  35°  C. 


Fia.  114.  —  Bocilliu  dlphtherlic, 
from  a  oulture  upon  bloml  iieniin. 
From  a  photomicrograph.  X  l.OOO. 
(Frfinkel  and  Pfelffcr.t 


37fi 


BACTERIA   IN   DIPHTHERIA- 


Fco.  115.— Colootes  of  BaoliluBdlpbtberlm 
lo  Dutrtcnt  agar,  end  of  tweaty-four  hours. 
X  10.    <.rriink(tiaii<l  Pfeiffer.) 


It  grows  reMily  in  nutrient  gelatin  having  a  slightly  alkaline  rear- 
tion,  in  nutrient  agar,  glycerin-agar,  or  in  alkaline  bouillon,  but  thw 
most  favorable  medium  appears  to  be  that  first  recommended  by 

Loffler — \\z.,  a  mixture  of  three 
I)art8  of  blood  serum  >vith  one  part 
of  bouillon,  containing  one  per  coDt 
of  peptone,  one  per  cont  of  grajjo 
sugar,  and  ii.ri  per  cent  of  Mxlium 
chloride.  This  mixture  is  steril- 
ized and  solidified  at  a  low  t«n- 
perature,  as  is  tisual  with  blood 
senun.  Ui>on  this*  the  develop- 
ment is  so  rapid  in  the  incuhatinjf 
oven  that,  at  the  end  of  t\»'ei»ty- 
four  hours,  the  largo,  round,  el«^ 
vated  colonies,  of  a  grajash-white  color  and  moist  appearance,  may 
1h^  easily  rocogfnized,  while  tjther  associateil  bacteria  will,  us  a  rule. 
not  yet  have  develojx^d  fnUmii^s  large  enough  to  interfere  with  the 
recognition  of  these. 

Upm  nntvicnt  agar phtivsWw  deep-lying  colonies,  when  magni- 
fieil  alRJut  eighty  diametiTs,  aiipear  as  round  or  oval,  cimrsely  granu- 
lar discs,  with  rather  ill-ilefined  margins,  or,  when  several  coloniea 
are  in  juxtaixtsition,  as  figures  of  irregular  form.  The  8Upt»rficial  cvij- 
onies  are  grajnsh-yellow  in  color,  have  sm  irregular,  not  well-defined 
outline  and  a  rough,  almost  reticulated  surface.  The  growth  uptm 
glycerin-agar  is  very  similar.  The  first  inoculations  in  a  phiin  nu- 
trient agar  tube  often  give  a  comparatively  feeble  growth,  which  be- 
comes more  abundant  in  subsequent  inoculations  in  the  sann*  nxHliuin. 
In  stick  cultures  in  glycerin — or  plain — agar,  growth  iKX-ura  to  tlu» 
bottom  of  the  line  of  inoculation,  and  also  upon  the  surffice,  but  i» 
not  at  all  charactoristic.  The  same  may  be  said  with  reference  !v 
cultures  in  nutrient  gelatin.  Plakt  cultxires  in  this  medium  eontaizH 
ing  fifteen  per  cent  of  gelatin,  at  34"  C.  give  rather  nmall  odkaam^ 
which  are  white  by  reflected  light  and  under  the  microsc(^  arc  BBcn 
as  yellowish-brown,  opjujuo  discs,  having  a  more  or  leas  irre^Ur 
outline  and  a  grarmlar  structure.  In  nlkahne  bun  i linn  the  growth  M 
sometimes  in  the  form  of  small,  whitish  masses  alotig  the  sides  and 
bottom  of  the  tube,  but  at  others  a  diffusely  clouded  growth  ooom] 
in  this  medium  ;  after  standing  for  some  time  in  the  incubating orea] 
a  thin,  white  polUcle  may  fonn  upon  the  surface  of  the  bouilloB. 
The  i>eaction  of  the  bouillon  becomes  at  first  acid,  but  hvter  it  has  aal 
alkaline  reaction  (Welch).  With  reference  to  the  growth  onpotat<K  | 
authors  have  differed,  probably  because  the  growth  ia  aoarcely 
ible ;  upon  this  point  we  quote  from  Welch  and  Abbott : 
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"  Our  expcrienre  has  been  that  the  Bacillusdiphtheria;  prows  on  ortlinar^v 
Bteanied  |>otato  without  any  ^^t•«>limilla^y  trcatniPiit,  hut  that  the  (frowth  is 
usually  eiitirt'ly  invisible  or  is  imiicut^d  by  ii  dry,  thin  phize.  after  several 
days.  Doubtless  the  invisible  cljarai;ter  of  thegnnvth  lias  led  m<J«t  observers 
into  the  error  of  supposing' that  no  growth  existed,  whertjis  the  nucroscoj)!- 
cal  exaniination  reveals  a  tolerablj^  abundant  f^rowth,  which  on  the  lirst  ]k>- 
tato  is  often  feebler  than  on  succeeding  ones.  Irregular  forms  are  )r>ar- 
ticularly  numerous  in  potato  cultures,  and  in  general  the  rods  are  thicker 
than  on  other  media.  In  twentv-four  hours,  at  a  temperature  of  35"  C, 
microscopical  examination  sliows  tlistinct  gi"owth.  We  have  cultivated  Die 
bacillus  for  many  generations  on  potato." 

Milk  is  a  favorable  medium  for  the  growth  of  this  liacillus,  antl, 
as  it  arrows  at  a  comparatively  low^  temperature  (20°  C),  it  ia  evi- 
dent that  this  rtuid  may  lK»comea  medium  forconve^nng  the  bacillus 
from  an  infected  source  to  the  throats  of  pre\'iously  healthy  children. 

Cultures  of  the  diphtheria  bacillus  may  retjiin  their  vitality  for 
several  months,  and  when  dried  upon  silk  threads  for  several  weeks 
colonies  are  still  developed  in  a  suitable  medium — in  the  room  from 
tliree  Ui  four  weeks,  in  an  exsiccator  five  to  ten,  and  in  one  instance 
fourteen  weeks.  In  dried  diphtheritic  membrane,  preserved  in  small 
fraynieiits.  the  bacillus  rctniiicd  its  vitality  for  nine  weeks,  and  in 
larger  fnmmenta  fur  twelve  to  fourteen  weeks. 

The  thermal  death-point,  as  determined  by  Welch  and  Ablnitt.  is 
.^8°  O. .  the  time  of  exposure  being  ten  minutes.  Loffler  had  previ- 
ously found  that  it  did  not  survive  exposure  for  half  an  hour  to  00" 
C.  With  reference  to  the  action  of  germicidal  and  antiseptic  agents, 
w©  refer  to  the  sections  in  Part  Second  relating  to  this  subject. 

Pufhogenesis. — In  view  of  the  evidence  heretofore  recordixl.  it 
may  be  considered  as  demonstrated  that  this  Iwicillus  gives  rise  to 
the  morbid  phenomena  vvliich  characterize  the  fatal  disease  in  man 
known  a.s  diphtheria. 

We  have  already  referred  to  the  effects  of  inocidatiojis  into  the 
tnvchoa  in  nil)bits  and  cats,  which  give  rise  to  a  characteristic  diph- 
theritic intlammati<)n.  with  general  toxtemia  and  death  from  tlu> 
absorption  of  solubh?  toxic  prtMlucts  formtMl  i\t  the  seat  of  l«M'al  in- 
fection. This  inference  as  to  the  cause  of  death  seems  justified  liv 
the  fact  that  the  pathogenic  bacillus  does  not  invade  the  blood  and 
|tissue6,  and  is  supported  by  additional  exj)erimental  e%'idence  which 
we  grivo  l>elow.  Sul>cutaiieous  inocuhitions  in  guinea-pigs  of  a  small 
quantity  of  a  pure  culture  of  the  bacillus  (0.1  to  it.S  cubic  CJentime- 
tre  of  a  Ixmillon  culture)  cause  death  in  from  one  to  four  or  five 
days.  The  usual  changes  observed  at  the  nutopsy  are  "  an  exten- 
sive local  oedema  with  more  or  less  h.\-]>enemia  and  ecchymosis  at 
the  site  of  inoctdation,  frequently  swollen  and  reddened  lymphatic 
gliinds,  increiised  serous  fluid  in  the  peritonoiun,  ideura,  and  j>ericiir- 
diura,  enliirged  and  hremorrhagic  suprarenal  capsules,   occasionally 
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slightly  swollen  spleen,  sometimes  fatty  degenerations  in  the  liver, 
kidney,  and  myocardimn.  We  have  always  found  the  LciflBer  ba- 
cilli at  the  seat  of  inoculation,  most  abundant  in  a  grayish-wlute, 
fibrino-purulent  exudate  present  at  the  point  of  inoculation,  and  be- 
K'omtng  fewer  at  a  distance  fron^  this,  so  that  the  more  reinott*  i>arte 
uf  the  oedematous  fluid  do  not  contain  any  bacilli  "  (Welch  and  Al> 
bott).  The  authors  quoted  agree  with  Loffier  and  others  in  stating 
that  the  bacillus  is  only  found  at  the  point  of  innc-ulation.  In  all 
casos  their  cultures  from  tlie  blood  and  from  the  various  organs  gave 
a  negative  result. 

Rabbits  are  not  so  susceptible  and  may  recover  after  the  sulxiu- 
taneous  inoculation  of  very  small  doses,  but  usually  die  in  from  four 
to  twenty  days  when  two  to  four  cubic  centimetres  of  a  bouillon 
culture  have  been  introducetl  l>eneath  the  skin.  In  these  animaLs 
also  there  is  an  extensive  local  oedema,  enlargement  of  the  neigh- 
boring Ijinphatic  glands,  and  a  fatty  degeneration  of  the  liver. 
Roux  and  Yersin  have  shown  that  in  these  animals,  when  death 
doL's  not  ensue  bxi  quickly,  paralysis  of  the  jwsteriur  extremities  fre- 
«|uently  occurs,  thus  completing  the  experimental  jiruof  of  the  spe- 
cific pathogenic  pciwer  of  pure  cultures  of  this  bacillus. 

Similar  symptoms  are  produced  in  pigeons  by  the  subcutaneous 
iuocidation  of  0.5  cubic  centimetre  or  more,  but  they  commonly  rt-- 
covcr  when  the  quantity  is  retluced  toO.'i  cubic  centimetre  (Roux 
and  Yersin). 

The  rat  and  the  mouse  have  h  remarkable  immunity  from  the 
effects  of  this  jioison.  Thus,  acconling  to  Roux  and  Yersin,  a  doso 
of  two  cubic  centimetres,  which  would  kill  in  sixty  hours  a  rabbit 
weighing  three  kilogrammes,  is  without  effect  upon  a  mouse  which 
weighs  only  ten  grammes. 

C  )ld  cultures  are  somewhat  less  virulent  than  fi-esh  ones,  but  when 
replanted  in  a  fresh  culture  medium  they  manifest  their  original 
virulence.  Thus  a  culture  upon  blood  serum  which  was  five  months 
old  was  found  by  Roux  and  Yersin  to  kill  a  guinea-pig  in  five  daj's, 
but  when  replanted  it  killed  a  second  animtd  of  the  same  species  in 
twenty-four  hours. 

E\-idently  a  mirrmirganism  which  destroys  the  life  of  a  suscepti- 
ble animal  when  injected  beneath  its  skin  in  .small  quantity,  and 
which  nevertheless  is  only  found  in  the  vicinity  of  the  jxjint  of  in- 
•x-ulation,  must  owe  its  pathogenic  jX)wer  to  the  formation  of  some 
jKJtent  toxic  substance,  which  lieing  absorbed  gives  i-i.se  to  toxaeiinia 
and  death.  This  inference  in  the  case  of  the  diphtheria  bacillus  is 
fully  sustained  by  the  results  of  recent  experimental  investigations. 
Roux  and  Yeixin  (lyyS)  first  demonstratetl  the  pathogenic  j»ower  of 
cultures  which  had  been  filtered  through  jwrous  porcelain.     Old 
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cultures  were  found  by  thest<  experimenters  to  (xmtain  more  of  the 
toxic  suhstaiiee  than  recent  ones,  and  to  cause  the  dcatli  of  a  j^ninwi- 
pig  in  the  dose  t)f  two  cubic  centiiiietre.s  iu  less  than  twenty-four 
hours.  The  filtered  cultures  proiluced  in  these  animals  the  Hanie 
effects  as  those  containing  the  hacilH — local  tedenia,  hemorrhagic 
congestion  of  the  organs,  effusion  into  the  [>leural  cavity.  Sunte- 
what  larger  doses  were  fatal  to  rabbits,  and  a  few  drops  injei-ted 
sulK'utaneously  sufficed  to  kill  a  small  bird  within  a  few  hours.  In 
their  «econ<l  paper  (ISSlt)  the  iLuthois  mentioned  state  that  siv  long  as 
the  reaction  of  a  culture  iu  bouillon  is  acid  its  toxic  power  is  com- 
paratively slight,  but  that  in  old  cultures  the  reaction  is  alkaline. 
and  in  these  the  toxic  potency  is  greatly  augmented.  With  such  a 
culture,  filtered  after  having  lieen  kept  for  thirty  days,  a  dose  iA 
t»ne-eighth  of  a  cnliic  centimetre,  injected  subcutaneously,  sufficed 
to  kill  a  gnineH-]>ig  ;  and  iu  larger  amounts  it  proved  to  be  fatal 
to  dugs  when  injected  directly  into  the  circulation  through  a  vein. 

The  same  authors,  iu  discussing  the  nature  of  the  iM>i.son  iu  their 
filtered  cultures,  infer  that  it  is  related  to  the  diastJises,  and  .sUite 
that  its  toxic  poten<'y  is  very  much  re<luced  by  exposure  to  a  com- 
paratively low  temiierature — 5s"  C.  for  two  hours — and  completely 
<le8troyed  by  the  iHiiling  temperatui'v — ti»u'  for  twenty  minutes.  It 
wa.s  found  to  Ik*  insohdile  in  alcohol,  and  the  precipitate  obtained  by 
adding  alcohol  t<»  an  old  culture  proved  to  c<mt4iiii  the  toxic  sub- 
stance. LKifiier  also  has  obtained,  by  addiug  five  volumes  of  alco- 
hol to  one  of  a  jjure  culture,  a  white  precipitate,  soluble  in  water, 
which  killed  rabbits  in  the  dtwe  of  n.  I  to  O.'i  gramme  when  injected 
l)eneath  the  skin  of  these  animals.  It  gave  rise  to  a  Utcal  oedema 
and  necrosis  of  the  skin  in  the  vicinity  of  the  point  of  iivuculation, 
and  to  hyperaemia  of  the  internal  organs.  Tliisdeadh'  toxin  appears 
to  be  an  albuminoid  substHn<-e.  but  its  exact  chemical  composition 
has  not  yet  been  determined. 

Brieger  and  Frankel  have  succeeded  in  rendering  guinea-pigs 
immune  against  virulent  cultures  i>{  the  diphtheria  bacillus  by  inject- 
ing bouillon  cultures  three  weeks  old,  which  had  been  gterilize<l  by 
exposure  for  an  hour  to  60°  to  70°  C.,  into  the  subcutaneous  tissues 
(ten  to  twenty  cubic  centimetres).  At  first  the  susceptibility  of  the 
animal  is  rather  iucrea.sed  than  diminishe«l,  but  at  the  end  of  two 
weeks  immunity  is  said  to  Ihj  complete.  Frankel  is  of  the  opinion 
that  immunity  residts  from  the  introduction  vi  a  substance  whii-h  is 
not  identical  with  the  toxic  product  to  which  tho  cultures  owe  their 
pathogenic  power,  Tliis  latter  is  destroyeii  by  a  temjierature  of  55" 
to  150^''  C,  while  the  substance  which  gives  immunity  is  still  present 
in  the  cultures  after  exfKisure  to  a  temperature  of  GO*'  to  70°,  assho^vn 
by  the  protective  results  of  inoi-ulatious  nuule  with  such  cultures. 
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The  researches  of  Behring  show  that  the  blood  of  immune  ani> 
mals  contains  a  substance  which  neutralizes  the  toxic  product  con- 
tained  in  virulent  cultures  of  the  diphtheria  bacillus.  This  effect  is 
said  to  lie  produL-ed  when  bluud  from  such  an  animal  is  added  to  a 
filtered  rulturo  without  the  body,  as  well  aa  when  the  culture  is  in- 
jected into  tlie  living  animal.  This  remarkable  discovery  has  al- 
ready' been  utilized  for  the  treatment  of  dii)htheria  in  man  with  moet 
brilliant  results.  The  method  of  preparing  the  diphtheria  "anti- 
toxin" is  given  in  the  writer's  recent  work  on  "Immunity,  Pro- 
tective Inoculations,  and  Serum-Therapy." 

According  tr>  Roux  and  Ycrsin.  "  attenuated  varieties  *'  of  the 
diphtlieria  bacillus  may  be  oijtained  by  cultivating  it  at  a  temperaturi* 
of  3^.5^  to  40°  C.  in  a  current  of  air  ;  and  these  authors  suggest  iltai 
a  similar  attenuation  i>f  pathogenic  ]M>wer  may  occur  in  the  fftu«*t*jnf 
convalescents  frtmi  the  diseiise,  and  that  j)<)ssibly  the  similar  non- 
]>athogonic  l>acilli  Avhich  have  lieen  ilescribed  by  various  invesstiga- 
tors  have  originated  in  this  way  from  the  true  diphtheria  bacillus. 
These  authoi-s  further  state,  in  favor  of  this  view,  that  from  diphtheri- 
tic false  membrane,  jtreserved  by  them  in  a  desiccated  condition  for 
five  months,  they  obtaineil  numomus  colonies  of  the  bticillus  in  ques- 
tion, but  that  the  cultures  were  destitute  of  pathogenic  \'inilence. 
They  sjiy: 

"  It  is  then  jwssible,  by  commencing  with  a  \inUent  bacillus  of 
diphtheria,  to  obtain  artificially  a  bacillus  without  virulence,  quiti* 
similar  to  the  attenuated  bacilli  which  may  he  obtained  from  a  l>enign 
diphtheritic  angina,  or  even  fruin  the  mouth  of  certain  persons  in 
g(XMi  health.  This  microbe,  obtained  artificially,  resembles  com- 
pletely the  [).'*<nido-diphtheritic  bucillus  ;  like  it,  it  grows  more  abun- 
dantly at  a  low  temperature;  it  renders  bouillon  more  rapidly  alkaline : 
it  grows  with  difficulty  in  the  absence  of  oxygen." 


48.    PSKUDODIPHTHKRITIC   BACILLUS. 

Loffler,  Von  Hoflfmann,  and  others  have  reported  finding  bacilli 
•which  closely  resemble  the  Bacillus  diphtherij©,  but  which  differ 
from  it  chiefly  in  being  non-pathogenic.  The  following  account  we 
take  from  tiie  latest  ]>a|x'r  npun  the  subject  by  Roux  Jind  Yersin 
(troisi^me  memoire,  ISVKi). 

Found  by  Roux  and  Yersiu  in  mucus  from  the  pharjTix  and  ton- 
sils of  chUdren — from  forty-five  children  in  Paris  hospitals,  sxiffering 
from  various  affectitms,  not  diphtheritic,  fifteen  times  ;  from  fifty- 
nine  healthy  children  in  a  village  school  on  the  seaboard,  twenty -aix 
times.  Of  six  children  with  a  simple  angina  but  two  f  umiahed  cul- 
tures of  this  bacillus,  while  it  was  obtained  in  five  out  of  seven  caises 
uf  measles. 
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Its  characters  are  given  as  follows  : 


"The  colonies  of  the  paeudo diphtheritic  bacillus.  cultivateU  upon  blood 
serum,  are  ideuiicsjil  with  the  true  diphtheria  bacillus.  At  a  temperatui-e  of 
S3'  to  33  multiplication  is  rapid,  and  it  contiiiut's  at  the  ordinary  lemi)en«- 
ture,  although  slowly.  Uiiderthe  inicnjsicopis  the  apjwarauceof  the  baeillu<< 
which  forms  these  colonies  is  tlie  same  as  tliat  of  BjicilluH  diphtheria.'.  It 
atains readily  with  Lofflers  solution  of  niethyleuc  blue,  and  intensely  by 
Gram's  method.  Sometimes  it  colors  uniformly,  at  others  it  a])pear8  granu- 
lar. It  grows  iu  alkaline  bouillon,  giving  a  deposit  upon  the  walls  of  the 
vessel  containing  the  culture,  and  in  this  medium  often  pi-eseiits  the  inllatt-d 
forms,  pear-shaped,  or  club-shaped.  It  is  destroyed  in  a  liquid  inedimn  by  a 
temjjeraiure  of  58°  0.  maintained  for  ten  minutes.  All  of  tfies*>  tharaetei's 
are  common  to  the  pseudo-diphtheritic  bacillus  and  the  true  Bacillus  tliphthe- 
ria*.  As  a  difference  between  them  we  may  note  that  the  pseudo  diphtheritic 
bacilluH  is  oflenshorter  in  cohmieagTown  ujwjn  bloodserum;  that it.scultu »•€.■< 
in  btiuillori  are  more  abundant;  that  theycontinue  at  a  temperatuiv,of  20'  to 
>i'i  ,  at  which  the  true  bacillu.s  grtnvs  very  slowfy.  When  we  niuke  a  com 
parlson  of  cultures  in  bouillon  they  become  acid  and  then  alkaline,  but  the 
change  occurs  much  sooner  in  the  case  of  the  pseudo-diphtheritic  bacillus. 
Like  the  true  bacillus,  the  pseudo  diphtheritic  grows  iu  a  vacuum,  but  less 
abundantly  tlian  the  other. 

■■  Inoculations  into  animals  of  cultures  of  this  bacillus  have  neveroiused 
their  death;  but  we  may  remark  that  in  some  experiments  a  notable  o-denm 
has  been  produced  in  guinea-pigs  at  the  point  of  nmctilation,  while  in  others 
there  has  been  no  local  lesion.  T!ie  most  nuirked  owlema  resulted  from  cul- 
tui-es  obtained  fi-om  cases  of  measles. 

"Do  the  facts  which  we  have  reported  explain  the  tiuestittn  which  occupies 
us  ?  Can  we  conclude  that  tliure  is  a  relation  Imtween  tlif  two  bacilli  f  On 
the  one  side,  the  presence  of  thepseudo  diphtheritic  bacillusin  the  mouths  of 
healthy  pei-sons,  and  of  those  who  have  anginas  nuinifestly  not  diphtheritic, 
iteems  to  be  opixjaed  to  the  idea  of  a  relationship  between  them.  On  the 
other  hand,  when  we  consider  that  the  non- virulent  bacillus  is  very  rare  in 
fatal  diphtheria,  that  it  is  more  abundant  iu  benign  diphtheria,  that  it  be 
comes  njore  common  in  severe  cases  as  they  pnigi-ess  towainls  recoverv,  and, 
liually,  that  they  are  more  namer<)us  in  pei-stms  who  have  recently  had 
diphtheria  tliau  in  healtiiy  persons,  it  is  difficult  to  accept  the  idea  that  the 
two  microbes  are  entirely  distinct.  The  morpitological  ditferences  which 
have  been  referred  to  aiHj  so  slight  tiiat  they  pi-ove  nothing.  The  two  micro- 
organisms can  only  be  distinguished  by  their  action  UiHjn  animals,  but  the 
dinerence  of  virulence  d<ies  not  at  all  conx'spond  with  tiie  ditl'ereiice  of  •ri- 
gin.  As  regards  the  form  and  the  asjH-ct  of  cultures,  the  true  and  false 
diphtheria  bacilli  <liHVr  less  than  virulentanthrax  dilfeiiifi-oin  a  very  attenu- 
ated anthra.x  bacillus,  which,  however,  originate  from  the  same  source. 
Besides,  the  sharp  distindiou  which  we  make  between  tlie  virulent  and  non- 
virulent  bacilli  is  arbitrary;  it  deinnids  upon  the  susceptibility  of  guinea- 
pigs.  If  we  iu<)<.'u1ate  animals  still  more  susceptible,  there  are  ps*'uifii  diph- 
theritic bacilli  which  we  niiLst  cla.s.s  as  virulent;  and  if,  on  the  contrary,  wo 
Bubstitute  i-abbit*  for  guinea  pigs  in  our  e.Ti)erimeuls.  tiiere  are  diphtheritic 
bacilli  which  we  must  call  psendo-diphlherilic.  In  our  experiment.3  we  do 
not  simply  encounter  bacilli  which  ai-c  very  virulent  and  bacilli  which  are 
non- virulent;  between  these  two  extremes  tliere  are  bacilli  of  every  degree 
of  virulence," 

Ablwtt,  in  1801,  pi]bli,shed  the  result  of  hi.«i  researches  with 
reference  to  the  presence  of  the  pHeudo-diplitheritic  bacillus  in 
benign  throat  affections.  He  mnde  a  bacteriological  study  of  fifty- 
three  patients,  nine  of  whom  were  suffering  from  acute  plmryngitis, 
fourteen  from  acute  follicular  tonsillitis,  eight  from  ordinary  post- 
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nasal  catarrh,  two  from  simple  enlarged  tonsils,  fifteen  from  chronic 
pharj'ngitia.  t)ne  from  subacute  larjnijfitis,  one  fnjm  chronic  larj-ngi- 
tis,  one  from  rhinitis,  Jind  two  from  an  affection  of  the  tonsils  and 
pharynx.  In  forty-nine  cases  nothing  of  particular  interest  waa  ob- 
served. A  variety  of  niicroi'Jrganisms  were  i8olate<l,  and  of  these 
the  pyogenic  microtxxci  wei-e  the  mo.st  common. 

In  four  cases  mit'roijrganisnis  were  found  which  re.seiubled  the 
BaciUus  difihtheriie  itf  Lf<")fHer  in  their  morphology  and  growth  in  cul- 
ture nxe<lia,  but  which  pruvcnl  n»t  to  be  pathogenic.  Abbott  says  : 
"  Tlie  single  point  of  distinction  that  can  be  made  out  between  the 
organisms  obtaiut'd  from  Cases  I.,  III.,  and  IV.  and  the  true  bacil- 
his  of  diphtheria  is  in  the  absence  of  pathogenic  properties  from  the 
former,  whereas  in  addition  to  this  point  of  distinction  the  organism 
from  Case  II.  gives,  a.s  hfis  been  stated,  a  decided  and  distinct 
growth  upon  the  surfiice  of  sterilized  ix)tat<j. " 


40,    BACILLUS   DIPHTHERI.«  COLUMBRARDM. 

T>csci'ib<>ti  by  Lcifflcr  (lHfi-J),  whnohUuned  it  fi-oin  tliplithcritic  pseuilo-mem- 
brimes  in  the  nmiitlisnf  pigtMins  (leiwl  fmm  an  infections  furiii  of  dinhtheria 
wliich  prevails  in  sunie  parts  of  Germany  ami >tig  tliese  birds  and  among' 
chickens. 

ReiUlened  patclies  first  apiwur  U[x>n  the  mucou.^  membrane  of  the  mouth 
and  faiiocs.  and  these  are  covered  later  with  a  rather  tliiek.  yellowish  layer 
of  tihrinous  e.xiidale.  In  pig'eoiis  the  back  part  of  the  tontine,  the  faucea, 
and  the  ciH'uers  of  the  uioutli  are  especially  affected;  in  chickens  the  tongue, 
the  gums,  the  nares,  tlie  larynx,  atui  the  conjunctival  mucous  membrane. 
The  <lis<^ase  is  esiieciall y  filial  among  chickens,  the  younjf  fowls  ami  those  of 
choice  varieties  being  most  susceptible.  It  is  aUentled  at  the  outset  by  fever, 
and  nsnally  proves  fatjil  within  two  or  three  weeks,  but  may  last  for  several 
months, 

Morphology. — Short  bacilli  with  r<nindecl  ends,  usually  associated  in  ir- 
rejrnlar  mas.ses,  and  resembtinsf  the  bacilli  of  rabbit  septicaemia  (fowl 
rholcra),  but  a  little  longer  and  mit  qnitw  so  bwad.  In  sections  from  the 
liver  they  are  seen  in  irreyiilar  jirouns  in  the  interior  of  the  vessels. 

BiolfJiilral  Characlm*.  —  Am  eierofjic,  uoii-nintile,  noii'Ii^uefutngbaciUus. 

Gnnvs  in  mifrient  (jctttdn  in  the  form  of  spherical,  white  colonies  alone- 
the  line  of  j)uucture.  and  upon  the  surface  as  a  whitish  layer.  Under  the 
microsco|i€  the  colonics  in  grolatin  plates  have  a  yellowish  brown  color  and 
a  stig-htly  granular  surface.  Up>n  bloMi  s^Tiim  the  gi-owth  consists  of  a 
semi -trjinspa rent,  grayish-white  layer.  Upon  po/a/o  a  thin  layer  is  formed 
liaviufj  a  grayish  tint. 

Pnthofft'iteniis. — Pigeons  innciiliiled  with  a  pure  culture  in  the  mucous 
membrane  of  the  mouth  are  affected  exactly  as  are  those  which  acquire  the 
•lisease  natui-allv.  Subcutaneous  inoculations  in  pigeons  give  rise  to  an  in- 
flanunaliun  result  ting  in  local  necrotic  chaiiges.  Pathogenic  for  rabbits  and 
for  mice.  J^ulicutaneous  injections  in  mice  give  rise  toa  fatid  result  in  about 
five  days.  The  bacillus  is  found  in  the  bJiHid  and  in  the  various  organs,  in 
the  interior  of  the  ve.s-sels,  and  sometimes  in  the  interior  of  the  leuc<K\vtes; 
they  are  especially  numerotis  in  the  liver.  The  lungs  are  doited  with  red 
spots,  the  spleen  is  greatly  eulargeil,  andihe  liver  has  a  marbled  appearance 
from  the  presence  of  numerous  irregular  white  masses  .scjiltercd  thr<jugh  the 
pale-red  parenchyma  of  the  organ.  These  white  masses  are  seen,  in  sec- 
tioDB,  to  consist  of  necrotic  liver  tissue,  in  the  centre  of  which  the  bacilli 
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are  found  in  (yreat  numbers,  in  tlie  interior  of  the  vessels.  Tills  apjiearaiioo 
is  »>  characteristic  that  Ijoffler  considers  iiiiwulations  in  mice  to  be  the  must 
reliable  method  of  ostablisliing  the  identity  of  the  bat'iJlus.  Not  pathogenic 
for  chickens,  puinea-i>ig«.  rats,  or  dogs. 

There  seenm  to  be  some  doubt  wliether  the  form  <if  diphtheria  which  pre- 
vails amon^  pipeons,  and  whirli  L«lrtier  has  shown  to  be  due  to  the  biu'illus 
above  described,  is  identical  with  the  diphtheria  of  thickens.  Diphtheria  in 
man  has  been  supposed  by  some  authors  to  be  identical  with  that  which 
prevails  amou(j  fowls,  and  possibly  this  may  be  the  case  under  certain  cir- 
curaatances.  But  the  evidence  .seems  to  be  convincing  that  there  is  an 
infectious  diphtheria  of  fowls  which  is  peculiar  to  them,  and  which,  under 
ordinary  circumstances,  is  not  communicated  to  man. 

.50.    BACILLUS   DIPHTHERI/E   VITULORUM, 

Descrilied  b^y  LofHer  (188-J)  and  obtained  liy  him  from  the  pseiido-meni- 
branous  exudation  in  the  inonllis  of  calves  sutferin^  fi"om  an  infectious  form 
of  diphtheria.  The  ilisea.'io  is  cliaracterized  by  the  anjM'arance  of  yellow 
patciies  u]M)n  the  mucous  membrane  of  the  clieeks,  the  gunus,  the  tongue, 
and  sometimes  of  the  larynx  and  nares  of  infected  animals.  There  is  a  yel- 
lowish discharge  from  the  nose,  an  abundant  flow  of  saliva,  occasional  at- 
tacks of  coughing,  and  diarrhuja.  Death  may  occur  at  the  end  of  four  or 
five  days,  but  U!>uallv  the  animal  survives  for  several  weeks.  Diphtheritic 
patches  siniilar  to  those  in  the  mouth  are  also  found  in  the  largo  intestine, 
and  scatten-d  abscesses  in  the  Jungs. 

Ijjiffler,  in  a  series  of  seven  cases  examined,  obtaineil  from  the  deeper  jxtr- 
tions  of  the  p.seudo-membranous  deposit  a  long  bacillus  which  ap|)ears  to  bo 
the  cause  of  the  disease. 

Morphology.  —  Racilli,  five  to  si.\  times  as  long  as  bwmd,  nstinlly  united  in 
long  firaments.  The  diameter  of  the  iH)ds  is  about  half  lliat  «jf  the  bfirillus 
of  malignant  cedema. 

Bkdogirnt  tViarficfcrs.— Attempts  to  cultivate  tliis  bacillus  in  nutrient 
gelatin,  blo4jd  serum  fronj  sheep,  and  various  other  media  were  unsuccessful. 
But  wlien  fragments  of  tissue  containing  the  bacillus  wci-«j  phtced  in  Mood 
serum  from  the  calf  a  whtlish  bortler.  consisting  of  the  long  bacilli,  was  de- 
veloped. These  coubt  not,  however,  be  made  to  grow  when  transferreit  lo 
fresh  blood  sennn. 

PaWfogrcHCWW.  —  Mice  iinMndated  sub«'ut«ueously  with  the  fresii  diph- 
theritic exudation  diet!  in  from  seven  to  thirty  days.  The  autorwy  disclosj'd 
an  extensive  infiltration  of  the  entire  walls  of  the  nlxlomcn,  which  often  pene- 
trated the  perit^meal  cavity  ami  enveloped  the  liver,  the  kidneys,  and  the 
intestine  in  a  yellowish  exudate.  The  bacillus  was  found  iu  this  exiulate, 
and  by  inoculating  a  little  of  it  into  another  animal  of  the  same  species  a 
similar  result  was  obtained.     Not  pathogtmic  for  j-abbits  or  guinea-pigs. 

51.    B.VCILLUS  OP   INTEyTIXAT^  DIPHTHERIA    I.V   RABBITS. 

Described  by  Kibbert  (1887)  and  obtained  by  him  from  »be  oi-guns  itf  rab- 
bits which  succumbed  to  an  affection  characterized  by  a  diphtheritic  intlam- 
mation  of  the  mucous  membrane  of  the  intestine.  The  autopsy  i-evealeci  also 
swelling  of  the  me^senteric  glands  and  minute  ueci'otic  foci  in  the  liver  and 
spleen. 

jWor/j/m/og//. ^Bacilli  with  slightly  rounded  emls,  from  three  to  fmir /* 
long  ami  1  to  1.4  h  in  diameter;  often  uiiite<l  in  pairs  or  in  filamenls  con- 
taining several  elementR. 

Stainx  with  the  aniline  colors,  but  not  so  readily  iu  sections  as  somo 
other  micro<Jrganisms.  Rilibert  i^ecommends  staining  with  auiline-water- 
fuchsin  soUititm,  washing  in  water,  then  placing  the  sections  in  melhylene 
blue  solution,  and  decolorizing  in  alcohol.  Does  ncit  stain  by  (Ir.iui's 
method. 
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Biological  Cfiaractert. — An  aerobic,  non-liqueff/ing  (non-motile  ?)  ba- 
cillus. Upon  geUttin  plates  semi-transparfnt,  grayish  colonies  are  formed, 
wliich  later  have  a  brownish  color;  tlie  surface  of  these  is  finely  granular 
and  of  a  pearly  lustre.  lu  stick  cultures  in  nutrient  gelaltn  the  >frt>wth 
along  the  hue  of  puncture  is  very  scanty.  On  potato  a  flat,  whitish  layer  is 
formed,  which  extends  slowly  over  the  surface.  Grows  best  at  a  temperature 
Df3t>   lo:«   C. 

Pathitf/eueHia. — Pure  cuUui-ea  injected  into  the  peritoneal  cavity  or  aub- 
ciitiineously  in  rabbits  caused  the  death  of  these  animals  in  from  three  to 
fiiurteen  days,  according  to  the  quantity  iujccted.  At  the  autopsy  necrotic 
fiivt  aixj  found  iu  the  liver  and  spleen,  and  the  mesenteric  g'land^  are  en- 
larged, but  tlie  iutcstmo  presents,  a  healthy  appearance.  But  when  cultures 
are  introduced  into  the  alimentary  canal  the  ctiaracterislic  diphtheritic  in- 
flammation of  the  mucous  membnme  of  the  intestine  is  induced.  This  re- 
stilt  VTits  obtained  both  by  direct  injection  into  the  lumen  of  the  intestine 
and  by  injecting  cultures  into  the  mouth. 

Additional  Notes  upon  Diphtheria  and  the  Diphtheria  Bacil- 
lus.—C.  Friiukfl  (ISD.j)  reports  that  lie  has  repeateilly  observed 
branching  forms  of  the  diphtheria  bacillus  in  cultures  upon  Lof- 
tiev's  blood'Seruni  meiliura,  antl  that  these  branching  fomis  are  seen 
more  coustautly  and  in  greater  numbers  iu  cultures  niaile  u})od  the 
surface  of  hard-cooked  albumen  from  hen's  eggs. 

The  continued  presence  of  virulent  diphtheria  bacilli  in  the  fauces 
of  ptitients  who  luivo  rocuvered  from  the  disease,  either  after  the  use 
of  the  antitcf  in  or  under  other  treatment,  has  been  demonstrated  by 
several  bacteriologists.  Silverschmidt  (1S1»5),  in  forty-five  cases 
treated  by  Behring's  antitoxic  serum,  found  that  tlie  number  of  ba- 
cilli iisually  diminished  some  days  after  the  treatment  was  com- 
menced, but  that  iu  cases  in  which  complete  recovery  had  taken 
place  not  infrequeutlj*  virulent  bacilli  could  be  obtained  many  days 
(in  one  case  thirtj^-one  daj's)  after  convalescence  was  established. 

E.scherich  (IKS):))  opposes  the  view  that  the  pseudo-diphtheria  bacil- 
lus is  simply  a  non-virulent  variety  of  the  diphtheria  bacillus.  He 
found  tbis  pseudo-diphtheria  bacillus  in  the  throats  nf  thirteen  out 
of  three  hundred  and  twenty  individuals  examined.  According  to 
him  there  is  no  evidence  that  this  completely  non-virulent  pseudo- 
diphtheria  bacillus  ever  acquires  pathogenic  virulence,  while  attenu- 
ated varieties  of  the  true  diphtheria  biiciUus  readily  recover  their 
power  to  produce  the  toxic  prcxlucts  upon  which  virulence  de(>ends. 

Sevestre  (1805),  as  a  result  of  researches  made  by  himself  and 
several  other  bacteriologists  who  have  made  similar  investigations, 
arrives  at  the  conclusion  that: 

"  First.  In  a  certain  number  of  cases  the  bacillus  of  Loffler  disap- 
pears about  the  same  time  as  the  false  membranes;  or  it  may  (lersist 
for  some  time,  but  ceases  to  be  virulent — in  this  case  it  seems  to  have 
undergone  modifications  and  presents  the  form  of  short  bacilli.  .  .  . 

"  Second.  In  another  series  of  cases,  less  numerous  but  neverthe- 


BACTERIA   IN   DIPHTHERIA. 


385 


less  considerable,  the  bacillus  jiersista  in  a  virulent  condition  for  a 
longer  or  shorter  time  after  the  apparent  cure  of  the  malady.  .  .  . 

"  Third.  The  observations  collected  up  to  the  present  time  do  not 
enable  us  to  fix  preciselj'  the  limits  of  persistence,  but  it  is  not  far 
out  of  the  way  if  we  place  it  at  several  weeks  to  a  month  for  the 
throat.  In  the  nasal  fossee  the  bacillus  often  persists  for  a  still 
longer  time,  and  its  presence  commonly  coincides  with  a  more  or  less 
abundant  discharge  from  the  nose." 

Park  and  Beel^e  (IKIU),  in  an  extended  research  made  for  the  pur- 
pose of  determining  the  persistence  of  the  diphtheria  bacillus  in  the 
throats  of  convalescents  {'i,5{jfj  cultures  made),  found  that  in  304  out 
of  005  consecutive  cases  the  bacillus  diaapi>eareit  within  3  days  after 
the  disappearance  of  the  exudate;  in  17*;  cases  it  persisted  for  7  days; 
in  64  cases  for  12  days;  in  30  cases  for  15  days;  in  13  cases  for  3 
weeks;  in  4  cases  for  4  weeks;  in  2  cases  for  9  weeks.  Park  and 
Beebe  arrive  at  the  following  conclusion  with  reference  to  pseudo- 
diphtheria  bacilli : 

"The  name  pseudo-dii)htlieria  l)acillus  should  be  regarded  as  ap- 
plying to  those  bacilli  found  in  the  throat  which,  though  resembling 
the  diphtheria  bacilli  in  many  respects,  yet  differ  in  others e<iually  im- 
portant. These  bacilli  are  rather  short,  and  more  uniform  in  size 
and  shape  than  the  typical  Loffler  bacillus.  They  stain  equally 
throughout  with  the  alkaline  metbyl-blue  solution,  and  produce 
alkali  in  their  growtbs  in  bouillon.  They  are  found  in  about  one 
per  cent  of  the  healthy  throats  in  New  York  City,  and  seem  to  have 
no  connection  with  diphtheria.     They  are  never  virulent." 

Park  (18!)4)  has  shown  that  vindent  diphtheria  bacilli  are  fre- 
quently found  in  the  throats  of  persons  who  have  been  associated 
with  diphtheria  patients,  although  no  manifestations  of  the  disease 
were  visible.  It  is  therefore  apparent  that  infection  requires  not 
only  the  presence  of  virulent  bacilli,  but  als^o  of  a  predisposition  to 
the  disease.  This  corresponds  with  the  facts  relating  to  other  in- 
fectious diseases — e.g.,  tuberculosis,  typhoid  fever — and  among  the 
probable  predisposing  causes  we  may  mention  "  sewer-gas  poisoning," 
catarrhal  intlammatious  of  the  mucous  membranes  most  commonly 
involved,  inanition,  "crowd  poisoning,"  and  depressing  agencies 
generally. 

Bacteriologists  have  recently  given  much  attention  to  the  question 
of  viiJ-ed  infection  in  diphtheria.  Funck  (18!»4)  accepts  the  gener- 
ally received  view  that  mixed  infections  with  the  diphtheria  bacillus 
and  Streptococcus  pyogenes  are  more  serious  than  an  uncomplicated 
diphtheria,  and  in  an  experimental  research  has  attempted  to  deter- 
mine whether  this  is  due  to  an  increased  production  of  the  diphtheria 
the  presence  of  the  streptococcus.  His  experiments  on  guinea-pigs 
27 
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showed  that  when  infected  with  streptococci  these  animals  did  not 
prove  to  be  more  sensitive  to  the  action  of  the  diphtheria  poison 
(without  li^•ing  bacilli),  aind  he  concludes  that  the  unfavorable  influ- 
ence of  the  streptococcus  iu  mixed  infections  is  due  to  increased  jmtho- 
genic  activity  on  the  part  of  the  diphtheria  bacilUis.  Bemheim 
(18it4)  found,  in  his  experiments  on  guinea-pigs,  that  they  suc- 
cumbed more  rapidly  to  diphtheria  infection  when  they  previously 
or  simultaneously  received  an  injection  of  a  streptococcus  culture — 
filtered  or  unfiltered. 

liesnltts  of  Treatment  icith  the  Antitoxin. — While  questions  re- 
lating to  therapeutics  are  not  considered  in  this  manual,  a  brief  note 
upon  the  results  of  treatment  b^'  the  serum  of  immunized  animals 
may  not  be  out  of  place-  A  recent  (18il.i)  collective  investigation 
undertaken  by  the  Deutsche  mediviaische  Wocheiischrift  gave  the 
following  results:  The  number  of  eases  collected  was  l(l,'>12;  all  of 
these  occurred  between  the  Ist  of  October,  1KH4,  and  the  ]8t  of  April, 
18ii5;  5,883  of  these  oases  were  treated  with  the  antitoxin  and  4,4fJ) 
without  it.  In  the  first  group  the  mortality  wan  51. C  per  cent,  and  in 
the  second  group  14.7  per  cent.  Two  thousand  five  himdred  and  fifty 
six  children  treated  with  the  antitoxin  were  between  two  and  t*?n 
years  of  age;  among  these  the  mortality  was  4  per  cent,  while 
among  children  of  the  same  age  not  treated  with  the  antitoxin  the 
mortality  was  15.S  })er  cent.  Six  hundred  and  ninety-six  patients 
above  ten  years  of  age  were  treated  with  a  mortality  of  1  per  cent. 

Monod  (18U5),  at  a  meeting  of  the  Paris  Academy  of  Medicine, 
presented  the  following  stiitistics  demonstrating  the  influence  upon 
the  mortidity  from  diphtheria  in  France  exertetl  by  the  antitoxin 
since  its  employment  from  November,  1804.  The  following  figures 
represent  the  number  of  deaths  from  diphtheria  during  the  first  six 
months  in  eight  years  in  108  French  cities  having  a  population  of 
more  than  20,OOU: 

1MI8-M.  1MB. 

Averaxe.         Areraso. 

January 469  205 

February 466  187 

Marcli . ." 4»fl  1 55 

April 443  160 

May 417  118 

June 333  84 

3,656  904 

It  will  be  seen  from  the  above  statement  that  during  the  first  six 
months  in  the  3'ear  18y5  after  the  introduction  of  the  antitoxin  treat- 
ment, the  number  of  deaths  from  diphtheria  in  the  108  French  citiea 
referred  to  was  1,55'2  less  than  the  average  for  the  preceding  ten 
years,  and  we  are  justified  in  concluding  that  a  considerable  propor- 
tion of  this  saving  at  least  is  due  to  this  new  method  of  treatment. 
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A  NUMBER  of  bacteriologists  have  made  careful  researches  during 
the  recent  extended  epidemic  of  influenza,  and  in  189i  a  bacillus 
•was  discovered,  both  by  Pfeiffer  and  b}'  Canon,  of  Berlin,  vrhich 
there  is  good  reason  U>  Iwlieve  is  the  specific  cause  of  this  dis- 
ease. Before  describing  this  we  shall  refer  hriefly  to  previous  re- 
searches. 

Biibes  haa  doscrilK>d  no  ]es.s  than  seventeen  distinct  species  or  varieties 
isolatefl  by  him,  principally  fi*om  na.s.il  or  bronchial  nniciis.  Among  these 
a  considerable  number  closely  rew>nibie  StrepUx-ot'cus  pyogenes  or  Micro- 
coccus piieurnonijo  crouposae.  No  one  form  was  found  with  stilTicient  con- 
stancy to  justify  the  inference  that  it  was  the  specific  cause  of  the  disease. 

Klebs,  in  examining  blixwl  drawn  from  the  fingers  of  patients  witli  iuflu- 
^eiiza,  observed  an  enormous  number  of  small,  actively  motile,  hijfbly  refrac- 
tive bodies,  which  in  their  size,  form,  and  movements  corresponded  enlireiy 
with  similar  bodies  previously  observed  by  him  in  the  blood  of  patients  with 
pernicious  anaemia,  out  which  were  far  more  numerous.  These  bodies  are 
oelieved  by  Klebs  to  be  flagellate  infusoria  ("Hugrelluta").  The  investiga- 
tions of  otner  bacteriologists  have  not  thus  far  confirmed  those  of  Klebs  as 
regards  the  presence  of  microorganisms  of  this  class  in  the  blood  of  patients 
with  influenai. 

Kowalski,  who  made  Itacteriologiciil  researches  in  sixteen  cases,  wiis  not 
able  to  find  microiirganisms  of  any  kiuil  in  the  bhrnit,  examined  btith  fresh 
and  in  dried  prejMirations.  In  his  cultures  from  the  nasal,  buccal,  and 
bronchial  secretions  of  the  sick  he  obtitined  in  live  cases  Staphylococcus 
pyogenes  aureus,  in  four  Stapliy]<KM)cctis  pyogenes  albus,  in  two  "  diplococ- 
cu8  pneumoniae,"  in  two  St  re  p  toe 'xx- us  pyogenes,  in  two  Staphylococcus 
pyogenes  citreus,  in  one  Friedliinder's  bacillus,  in  one  Staph vlfK-occuscereus 
albus,  in  one  Staphylococcus  cereus  flavus.  In  axltlition  to  tnese  he  isolated 
three  species  not  previou.sly  descrilxMl.  One  of  these  he  found  in  seven 
cases;  this  grew  upon  the  surface  of  agar  as  sniall,  transparent  drops,  but 
did  not  grow  upon  potato,  in  sterilized  milk,  or  in  tmuillon;  it  was  a  coccus 
arranged  in  pairs  or  in  chains,  and  is  designated  by  Kowalski  ','  Gnllertstrep- 
tococcus," 

Prior,  in  a  bacteriological  study  of  fifty-three  cases,  twenty-nine  of  which 
were  .without  complication  and  twenty-four  complicated  by  pueumonia, 
found  in  the  sputum  of  uncomplicated  cases,  as  the  most  abundant  and  com* 
mon  microorganism  at  the  outset  of  the  attack.  Micrococcus  pneumoniae 
crouposie;  next  to  tliis  came  Staphylococcus  pyogenes  aureus  and  Strepto- 
coccus pyogenes;  when  tbe  acuis  of  the  attack  was  past  the  two  species  first 
named  (juickly  diminislial  in  numbers,  while  streptococci  were  found  for  a 
longer  time.  In  ca.s€>8  of  croupous  pneumonia  following  influensta  "diplo- 
coccus  nneumonise"  was  constantly  found  in  great  nunibers. 

Fiscnel  (1891)  obtained  in  cultures  from  the  blood  of  two  cases  two  dif- 
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feront  micrococci,  one  of  which  was  pathogenic  for  does  and  horses  and  gave 
rise  to  symptoms  in  these  animals  reseinbliug  those  of  influenza  (see  Micro- 
coccus No.  II.  of  Fischel,  No.  39,  na^e  324). 

Kii-chnor  (1891)  found  constantly  in  the  sputum  of  recent  cases  a  diplo- 
coccus  enclosed  in  a  jelly-like  capsule,  which  ditfered  in  its  biological  and 
pathologfical  cbai-acters  fi-om  Micrococcus  pneimionin  crouposee  (see  Micro- 
coccus of  Kirchner,  No.  38,  page  324). 

52.   BACILLUS  OF  INFLUENZA. 

Discovered  by  Pfeiflfer  (18!CJ)  in  the  puntlent  bronchial  secretion, 
and  by  Canon  in  the  blood  of  patieat.H  Buffering  from  epidemic  in- 
fluenza. Pfeiffer  found  the  bacillus  in  tliirty-oue  cases  examined  by 
liim.  and  in  uucotujilicatcd  ca.scs  it  was  present  in  the  purulent  bron- 
chial secretion  iu  immense  numbers  and  in  a  pure  culture.  Canon, 
whose  indeijendent  observations  were  published  at  the  same  time, 
examined  the  blood  of  twenty  influenza  patients  in  stained  prepara- 
tions, and  found  the  same  bacillus  in  nearly  all  of  them.  His  method 
of  demonstratiug  it  is  as  follows : 

The  blotid  is  spread  upon  clean  gb^ss  covers  iu  the  tisual  way. 
After  the  preparations  are  thoroughly  dry  they  are  placed  in  abso- 
lute alcohol  for  five  minutes.  They  are  then  transferred  to  the  fol- 
lowing staining  sola tiuM  (Czenzynke's):  concentrated  aqueous  solu- 
tion of  methylene  blue,  forty  grammes  ;  uue-half-per-cent  solution  of 
eositi  {dissolved  in. seventy -per -cent  alcohol),  twenty  grammes  ;  dis- 
tilled water,  forty  grammes.  The  cover  glasses  immersed  in  this 
staining  solution  are  placed  in  an  incubating  oven  at  37°  C.  for  from 
three  to  six  hours,  after  whi<"h  they  are  washed  with  water,  dried, 
and  mouuteti  in  balsam.  Iu  successful  preparations  the  re<l  blood 
corpuscles  are  stained  red  by  the  eosin,  and  the  leucocytes  blue.  The 
hafillusis  seen  in  those  as  a  short  r<xl,  often  raseinbling  a  diplococcus. 
It  is  sometimes  seen  in  large  numbers,  but  usually  only  a  few  rods 
are  seen  after  a  long  search — four  t<3  twenty  in  a  single  preparation. 
In  six  cases  it  was  found  in  numerous  aggregations  containing  from 
five  to  fifty  iKwilli  each.  In  these  cases  the  blooil  wius  drawn  during 
u  fall  uf  temperature  or  shortly  after. 

Morphology. — Very  small  bacilli,  having  alxjut  the  same  diameter 
as  the  bacillus  of  mouse  septicfemia,  but  oidy  half  as  long.  Solitary 
or  united  in  chains  of  three  or  four  elements. 

Stains  with  difficulty  with  the  basic  aniline  dyes — best  with 
dilute  Ziehl's  solution,  or  Loffler's  methylene  blue  solution,  with  heat. 
The  two  ends  of  the  bacilli  are  most  deeply  stained,  causing  them  to 
resemble  diplooocci.  Pfeiffer  saj'S  :  *'  I  am  inclined  to  beJieve  tluit 
some  of  the  earlier  observers  also  saw  the  bacilli  described  by  me, 
but  that,  misled  by  their  peculiar  beha\-ior  with  regard  to  staining 
agents,  they  de8cril»ed  them  as  diplococci  or  streptocooci. "  Do  not 
stain  by  Gram's  method. 
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Biological  Characters. — An  aerobic^  HOu-mofile  bacillus.  Does 
not  grow  in  nutiient  gelatin  at  the  room  teinp«rHtui"e.  S\iove  fonna- 
tion  not  observetl .  Upon  the  surf iiCL'  of  ybjceriii-dfjdr  in  tho  incubat- 
ing oven  very'  small,  transparent,  drop-like  colonies  are  developed  at 
the  end  of  twenty-four  hours.  These  cjui  only  be  recognized  by  the 
aid  of  a  lens.  "  A  remarkable  point  atjout  them  is  thtd  the  colonies 
always  remain  separate  from  each  other,  and  do  nitt,  as  all  other 
sjiecies  knowu  to  nie  do,  join  together  and  form  a  continuous  row. 
This  feature  is  s»t  characteristic  that  the  influenza  bacilli  can  be 
thereby  with  certainty  distinguiirihed  from  other  bacteria  ''  (Kita«iato). 
On  1.5  |)er  cent  sugar-agar  the  colonies  apiK>ar  a.s  extremely  Hnudl 
droplet.s,  clear  as  water,  often  only  rwognizable  with  a  leiLs 
(Pfeiffer). 

In  hitniflfni  a  iscaiity  development  wcurx,  and  at  the  end  of  twen- 
ty-four hourjfi  small,  white  pai"ticles  are  wvn  u]>ou  the  surface,  which 
subsequently  sink  to  the  b^ittom,  forming  a  white,  wtHilly  de|M>sit, 
while  the  bouillun  alun-e  remains  transimrent.  Tliis  baciUuH  does 
not  g^ow  at  temperatui-es  below  2S°  C. 

Canon  has  obtained  colonieH,  renembliug  tlKise  described  by  Kita- 
sato.  in  cultures  from  the  blood  of  intinenza  patient.s.  His  culture.s 
were  made  upon  glycerin-agar  in  Petri's  di.shes.  Ten  or  twelve  drops 
of  blood  from  a  pimcture  made  in  the  finger  of  the  patient,  after 
steritiziitionof  the  surface,  wei-e  allowed  to  fall  upon  the  agar  medium, 
and  this  Avas  placed  in  the  incubating  tiven.  Ah  the  numl)er  of  ba- 
cilli in  the  blootl  is  small,  a  citnsiderable  quantity  is  used.  The 
colonies  are  visible  at  the  end  of  twenty -four  to  forty -eight  liours. 

The  influenza  bacillus  is  quickly  destroyed  by  desiccation  ;  a 
pure  cidture  diluteti  with  water  and  diied  is  destroyed  -with  cei- 
tainty  in  twenty  houi-s ;  in  chied  sputum  the  vitidity  is  retained 
somewhat  longer,  but  no  gi'owth  occurs  after  forty  hours.  The 
thennal  death-point  is  fiO°  C.  vnth  five  minutes'  exposure  (Pfeifl'er 
and  Beck). 

Pathogenesis. — Pfeiffer  infers  that  this  is  the  specific  cause  of 
influenza  in  man  for  the  following  i-easons  : 

1.  They  were  foimd  in  all  uncumphcated  cases  of  iniiuenza  ex- 
aniiuetl.  in  the  characteristic  piunilent  bronchial  secretion,  often  in 
absolutely  pure  cultures.  They  were  frequently  situated  in  the  pro- 
toplasm of  the  pus  C4>rpuscles  ;  in  fatal  cjises  they  were  found  to 
have  penetrated  from  the  bronchial  tulx-s  into  the  peri  bronchi  tic  tis- 
sue, and  even  to  the  sui'face  of  the  pleui'a,  where  in  two  cases  they 
were  found  in  pure  cultures  in  the  purident  exiulatiou. 

2.  They  were  oidy  foimd  in  cases  oi  influenza.  Numerous  con- 
trol experiments  proved  their  absence  in  ordinary-  bronchial  ca 
tarrb,  etc. 
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3.  The  jtrescMCi^  of  the  l)acilli  corresponded  •with  the  course  of  tbf 
disease,  and  they  dis^ippeareil  with  the  cessation  of  the  pxirulent 
bronchial  secretion. 

In  his  preliminary  report  of  his  investigations  Pfeiffer  says 

"  Numerous  inoculation  experimentw  were  made  on  apes,  rabbits, 
guinea-pigs,    rats,    pigeL>ns.  and  mice.     Only  in  apes  and   rabbit 
could   pv>sitive  results  l>o  obtained.     The  other  species  of 
Pho%vcd  thomsclvcs  refractory  to  influenza. "' 

Kruse  (lStl4)  reports  that  he  found  the  bacillus  of  Pfeiffer  in 
eighteen  inHuenza  patients  examined  bj'him  in  the  hospital  at  Bonn, 
On  the  other  hand,  he  failed  to  find  it  in  a  considerable  number  of  pa- 
tients suflferiug  from  other  diseases  of  the  respiratory  passages.  His 
evidence  is  the  more  valuable  as  he  had  previoiislj'  (18tK>)  reporte«l 
his  failure  t«j  find  the  bacillus  in  t3'pitrtl  cases  of  intlueoza.  He  noir, 
ascribes  his  failure  at  that  time  to  imperfect  technique. 

Huber  {im:}),  Richter  {ISm),  Borchardt  (1894),  and  other  com-J 
petent  bacteriologists,  have  also  confirmed  the  results  rejiorted  br 
PfeiflFer  as  regards  the   presence  of  this  bacillus  in  the  bronchial 
secretions  of  persons  suffering  from  epidemic  inHuenza,  and  as 
its  biological  characters.     Bujwid   (I89;t)  recognizes  the  liacilluS' 
Pfeiffer  as  identical  with   a  bacillus  which  he  cultivated  from  the 
Hpleen  of  an  inHuenza  patient  in  1800. 

The  researciies  of  Weichselliaum,  Kowalski,  Friedrich,  KroH^' 
Bouchard,  and  others  have  given  a  negative  result  as  r^^ards  the 
presence  of  the  influenza  bacilhis  in  the  bb-x-Kl.     They  were  not  afatij 
to  domonstrate  its  presence  either  in  st<tiued  preparations  or  by  crf« 
ture  methods.     Pfeiffer,  also,  during  the  last  epidemic,  has  mad«] 
special  researches  upon  this  jxiint  and  has  never  succeeded  in  findii^f 
the  bacillus.    Day  after  day,  l>oth  in  mild  and  severe  cases,  he  plaoedl 
from  ten  to  twenty  drops  of  blond  fn»ni  influenza  patients  on  blood- 
agar — a  most  favorable  medium — l»ut  his  cultures  always  remained 
sterile. 

In  his  exjieriments  upon  rabbits,  Pfeiffer  (1893)  found  that  thaj 
intravenous  injection  of  a  small  quantity'  of  culture  on  blood-agar,[ 
twenty-four  hours  old,  sus{»ended  in  one  cubic  centimetre  of  bouilkmij 
caused  a  characteristic  pathogenic  effect.     The  first  symptoms  wertj 
developed  within  one  and  a  half  to  two  hours  after  the  injectioD.' 
The  animals  became  extremely  feeble,  lying  flat  upon  the  floor  with 
their  limbs  extended,  and  suffereil  from  extreme  dyspnoea.     The  tem- 
perature mounted  to  41°  C.  or  above.     At  the  end  of  five  or  six  hour* 
they  were  able  to  sit  upon  their  haunches  again,  and  in  twenty-four^ 
hours  had  neiirly  recovered  from  all  indications  of  ill-health, 
doses  caused  the  death  of  the  inoculated  animals.     These  results  are 
due  to  toxic  products  present  in  tlie  cultures,  and  Pfeiffer  baa  i 
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Tio.  1. — Bacillus  of  influenza  in  brmiohial  mucus.  X  1,000.  Photo- 
micrograph by  Frankel. 

Fio.  2. — Bacillus  of  influenza  in  bronchial  mucus,  after  the  termination 
of  the  febrile  period.  The  bacilli  are  for  the  most  jtart  in  pus  colls.  X  l.UllU. 
Photomicrograpli  by  Friinkel. 

Fio.  3. — Bat;illus  tetani  from  an  agar  culture.  X  l.OOU.  Photomicnv 
graph  by  Frankel  and  Pfeifler. 

Fig.  4. — Micrococcus  pneumonia'  crouixwae  in  sputum  of  a  ])atient  with 
pneumonia.  X  1,000.  Stainc<l  by  Gram's  methoKl.  Photomicrograph  by 
Frankel  and  Pfeitter. 

Fig.  5. — Micrococcus  pneumonia*  cn)Uix)sa^  in  blood  of  rabbit.  X  1.000. 
Photomicrograph  made  at  (Im  Army  Medical  Museum,  WaMliingt(m,  by  (Jniy. 

Fig.  0. — Bacillus  of  hog  cholera,  .showing  tlagella.  Stjiined  by  Liittler's 
method.  X  1,000.  Photomicrogi-ajjh  made  at  tlie  Army  Medical  Museum. 
Washington,  hv  Gray. 
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observed  a  septicsemic  infection  as  a  result  of  his  inoculation  ex- 
periments. 

Pfeiffer  has  found  in  three  cases  of  bronchopneumonia  a  pseudo- 
influenza  bacillus  which  closely  resembles  the  bacillus  previously  de- 
scribed by  him  as  peculiar  to  that  disease.  This  pseudo-influenza 
bacillus  resembles  the  genuine  one  in  its  growth  in  culture  media, 
but  is  larger  and  shows  a  decided  inclination  to  grow  out  into  long 
threads.  By  these  morphological  characters,  which  are  said  to  be 
constant,  it  may,  according  to  Pfeiffer,  be  readily  distinguished. 
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In  tuberculosis,  leprosy,  glanders,  and  .s^-philis  we  have  a  grot^j 
of  iiiffcticnis  disea-ses  wliifli  pre-sent  many  points  of  rei8embLuic«k| 
All  run  a  ehronie  course  ;  all  ma}'  be  communicntejl  to  8Usoeptibl»| 
animals  by  inoculation  :  in  all,  the  lymphatic  glands  in  the  ^•^cimtT 
of  the  jjoint  of  inoculation  l)econie  enlargetl,  and  new  growths,  c««- 
sistitij^  of  vai-itius  ci'Uular  elements  of  a  low  grade  of  Wtality,  hpi'  »\r-i 
velopt'il  in  tlie  tissues  which  are  the  point  of  f>redil»icti«>ii  for  ewoh  'A 
in  ail,  these  new  gron'ths  sliow  a  tendency  to  degenerative  changtets^j 
as  a  result  of  which  abscesses,  caseous  masses,  or  open  ulcere  ara-i 
formed. 

In  two  of  the  diseases  in  this  group — tuberculosis  and  glan- 
ders— the  infectious  agent  has  l>een  obtained  in  pure  cultures  and  itMJ 
•ipecitic  fjatliogetiic  power  demonstrate*!  by  inoculations  in  susceptibltj 
Hnimals;  in  one — leprosy — there  is  but  little  doubt  that  the  lutcilluMCoo-l 
stiiutly  found  in  the  new  growths  characteristic  of  the  diseaiie  beaisj 
an  etiological  ri'hition  to  it,  although  this  has  not  l>een  deaumstratBd^J 
the  Itacillus  not  having  as  yet  been  cultivated  in  artificial  mediiL] 
The  evidence  with  reference  to  the  parasitic  nature  of  the  fuurtli< 
ea.se  mentioned  as  iM'longiug  ti>  this  group — sj-philis — is  still  ux 
factory,  but  there  is  every  reason  to  believe  that  it  will  also  eveotai^, 
ally  be  |ir<n-etl  to  be  due  to  a  p?irasitic  microorganisui. 

The  announcement  of  the  discovery  of  the  tubercle  baciUiis 
made  by  Koch,  in  Marrb.  iss-i.  at  a  meeting  of  the  PhysioKigiaJ j 
S«.K'icty  of  Berhn.     At  the  same  time  satisfactory  experinieutal  en» 
dence  was  presented  as  to  its  etiological  relation  to  tubercuUieifl  is 
man  and  in  the  susceptible  lower  animals,  and  its  principal  biologi*, 
cal  chanu^ters  were  given. 

Baumgarten  independently  demonstrated  the  presence  of  the  tu- 
bercle  bacillus   in  tuberculous  tissues  and  published  the  fact  toes  | 
after  the  apj^earauce  of  Koch's  first  jwper.     The  previous  demooitm*  I 
tiou  by  Viilemin  (IMt;^) — confirmed  by  Cohnheim  (1S?7)  and  otb«»— | 
that  tuberculosis  might  be  induced  in  healthy  antmaU  by  inocnla* 
tions  of  tuberculou."*  material,  had  paved  the  way  for  hi»  diioorerxt 
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ami  advanced  pathologists  were  quite  prepared  to  accept  it.  The 
more  conservative  have  since  been  obliged  to  yield  to  the  experi- 
mental evidence,  which  has  received  coiifirniatioii  in  all  parts  of  the 
world.  To-daj'  it  is  generally  recognized  tltat  tuberculosis  is  a  spe- 
cific infectious  disease  due  to  the  tubercle  bacillus. 

As  e\'idence  of  the  thorough  nature  of  Ktx-h's  jiersoiml  researches 
in  advance  of  his  fii"st  pulilic^  announcemont,  we  give  the  following 
resmne  of  his  investigations  : 

In  nineteen  cases  of  miliary  tuberculosis  the  biicilli  were  found  in 
the  tuViercular  nodules  in  every  instance  ;  also  in  twenty-nine  coses 
of  pulmonary  phthisis,  in  tho  sptitum,  in  fresh  chee.s}'  masses,  aiodin 
the  interior  of  recently  formed  ca\'ities  ;  in  tuberculous  ulcers  of  the 
tongue,  tuberculosis  of  the  uterus,  testicles,  etc.  ;  in  twenty-one  cases 
of  tuberculous — scrofulous — lymphatic  glands  ;  in  thirteen  cases  of 
tubereuluus  joints  ;  in  ten  cases  of  tul.M?T"Cular  bone  affections  ;  in  four 
cases  of  lupus  ;  in  seventeen  cases  of  Perlsucht  in  cattle.  His  ex- 
perimented inoculaticjns  were  made  ujxm  two  hundred  and  seventy- 
three  guinea-pigs,  one  hundred  and  five  rabbits,  forty-four  field 
mice,  twenty-eight  white  luice,  nineteen  rats,  thirteen  cats,  and  upon 
dogs,  pigeons,  chickens,  etc.  Very  extensive  comparative  researches 
were  also  made,  which  convinced  liira  that  the  bacillus  which  he  had 
been  able  to  demonstrate  in  tuberculous  sputum  and  tissues  by  a  spe- 
cial mode  of  staining  was  not  to  be  found  in  the  sputa  of  health}' 
persons,  or  of  those  suffering  from  nfm-tulrorcular  pulmonary  affec- 
tions, or  in  organs  and  tissues  involved  in  morbid  prooessea  of  a 
different  nature. 

53.    BACILLUS  TITBERCDLOSIS, 

Discovered  by  Ktxih  (first  public  announcement  of  discovery 
March  24th,  1882).  The  bacilh  are  found  in  tho  sputum  of  persona 
suffering  from  pulmonary  or  larjTigeal  tuberculosis,  cither  free  or  in 
the  interior  of  pus  cells  ;  in  miliary  tubercles  and  fresh  caseous 
masses,  in  the  lungs  or  elsewhere  ;  in  receut  tubercidous  cavities  in 
the  lungs  ;  in  tuberculous  glands,  joints,  bones,  and  skin  affections 
(lupus) ;  in  the  lungs  of  cattle  suffering  from  pulmonary  tubercu- 
losis— Perlsucht ;  and  in  tubercular  nodules  generally  in  animals 
whii;h  are  infected  naturally  or  by  oxperimontal  inoculations. 

In  the  giant  cells  of  tubercular  gi-owths  they  have  a  peculiar  and 
characteristic  position,  Ixnng  found,  as  a  rule,  upon  the  side  of  the 
cell  opposite  to  the  nuclei,  which  are  crovvdt'd  together  in  a  crescentio 
arrangement  at  the  opposite  pole  of  the  coll.  Sometimes  a  single 
bjicillus  will  bo  found  in  this  position,  or  there  may  l)e  several. 
Again,  numerous  bacilli  may  be  found  in  giant  cells  in  which  the 
nuclei  are  distributed  around  the  periphery.  They  are  more  numer- 
28 
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ous  in  tul>erculou8  growths  of  recent  origin,  and  often  cannul  be 
<lt*nioiistrate(l,  by  microscopical  exaiuiuatiou,  in  caseous  material 
from  the  centre  of  older  nodules.  But  such  raatorial,  when  inocu- 
latfd  ]nt<»  susr<^ptil)lc  jitiimals,  gives  rise  to  tuborcuLjsis,  iui<l  tiip 
usual  inftTonco  is  that  it  contains  spores  of  the  tubercle  )Ku*illu». 

^[orphtdtHjij. — The  tul>orcle  bacilli  are  rods  with  rounded  ends, 
of  frona  l..*)  to  3.5  /i  in  length,  ami  are  commonly  slightly  curved  or 

Ivent  at   an   angle ;   the    diameter   is 
about  0.3  /i.     In  stained  preparatimui 
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Flo.       118.  —  BacUliin      tubprculosU. 
X  I.OOO.    From  a  pbotomicrofrraph. 


unstained  portions  are  frequently 
seen,  which  are  generally  l>elieved  to 
he  spores,  but  this  is  by  no  meatu 
certain.  From  two  to  six  of  tbeee 
unstained  siMices  may  often  l)e  seen 
in  a  single  rod,  and  owing  to  this  jU- 
temation  of  stained  and  unstoioM 
portions  the  bacilli  may,  under  a  low 
power,  l>e  mistaken  for  chains  of  mi- 
crcxNX'ci  The  rotls  are  usually  soli- 
tary, but  may  be  unite<l  in  pairs,  or 
in  short  chains  containing  three  or  four 
elements.  In  oUl  cultures  irre^Ur 
forms  may  be  observed,  the  rods  being  sometimes  swollen  at  om 
extremity,  or  presenting  the  appearance  of  having  a  lateral  bud-like 
projectiftn — involution  fonns. 

The  .Hfaiiiiug  characters  of  this  bacillus  are  extremely  importoot 
for  its  differentiation  and  recogfnition  in  preparations  of  sputum.  He. 
Unlike  most  micronrganisms  of  the  same  class,  it  does  not  rwuKly 
hike  up  the  aniline  colors,  and  when  staine<i  it  is  not  easily  decolorinwl, 
even  by  the  u^  of  strong  acids.  The  failure  to  observe  it  in  tu1«r'> 
culous  material,  prior  to  Koch's  discovery,  w^as  no  doubt  due  totfce 
fact  that  itdfA'S  not  stain  in  the  usual  aqueous  solutions  of  the  luiiliat* 
dyes.  Koch  first  recognized  it  in  prcjmrations  placoil  in  a  stuinio); 
fluid  to  which  an  alkali  had  iKX-n  adde<l — solution  of  methylene  Uu» 
with  caustic  potash  :  but  this  metluHl  was  not  very  satisfar torr.  luni 
he  promptly  ad<>pte«l  tiie  methiHl  devised  by  Ehrlich.  whi<"h  ommwU 
essentially  in  the  use  of  a  solution  of  an  aniline  c<ilor — fuchtan  or 
methyl  violet — in  a  saturatetl  atiueous  solution  of  aniline  oil,  and  dr- 
colorization  with  a  solution  of  a  mineral  acid — nitric  acid  «HM>  pwt  tw 
three  parts  of  water. 

The  original  method  c»f  Ehrlich  gives  very  sntisfacttiry  rwnlts, 
but  various  niotlifications  have  since  been  pro{M)s«.Hl.  seme  of  whkii 
are  advantagec)us.  The  carbol-fuchsin  solution  of  Ziehl  t»  D»iw 
largely  employed ;  it  has  the  advautage  of  prompt  aotioa  and  of 
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Fio.  117.— Bacillus  tuberculo- 
sis In  sputum.  X  1|000.  (Baum- 
garten.) 


keeping  well.  The  staining  ia  eflEected  more  quickly  if  lieat  is  ap- 
plied. The  tubercle  bacilli  stain  by  Gram's  method,  but  this  is  not 
to  be  recoinineniled  for  general  use,  owing  to  the  fact  that  the  pro- 
toplasm of  the  rods  is  frequently  contracted  into  a  series  of  spheri- 
cal, stained  bodies,  which  might  easily  bo  mistaken  for  micrococci. 

The  fxaminatioH  of  .■ipatiini  for  the  presence  of  the  tubercle  ba- 
cillus is  recognized  as  a  must  important  procedure  for  the  early  diag- 
nosis of  pulmonary  tuberculosis.     It  is  at- 
tended with  no  s]K'cial  difficulties,  andev'ery 
physician   should  l>e   acquaintcil   with   the 
t*>chnique. 

The  patient  should  be  directed  to  expec- 
torate into  a  clean,  wide-mouthed  bottle  or 
glass-covered  jar  the  material  coughed  up 
from  the  lungs,  and  esixscially,  in  recent 
cases,  that  which  is  coughed  up  nijon  first 
rising  in  the  nmrning.  Tliis  should  i)e 
placed  in  the  physician's  hands  as  promptly 
as  poesible ;  although  a  delay  of  some  days 
does  not  vitiate  the  result,  and  the  tubercle 
bacilli  may  still  be  demonstrated  after  the  sputum  has  undergone  pu- 
trefaction. It  ia  well  to  pour  the  si>ecimen  into  a  clean,  shallow  vessel 
ha^-inga  blackened  bottom — a  Petri's  dish  placed  ujK)n  a  piece  of  dead- 
black  paper  will  answer  very  well.  In  tuberculous  sputum  small,  len- 
ticular masses  of  a  yellowish  color  may  usually  l>e  observed,  aii<l  one 
of  these  sliould  bo  selected  for  mien  >Rcopical  examination,  by  picking 
it  up  with  a  platinum  needle  and  freeing  it  as  far  {is  possible  from 
the  tenacious  mucus  in  which  it  is  embedded.  If  such  masses  are 
not  recognized  tsike  any  purulent-looking  material  present  in  the 
specimen,  whether  it  be  in  small  specks  distributed  through  the  mu- 
cus, or  in  larger  masses.  A  little  of  tlie  selected  material  should  be 
placed  in  the  centre  of  a  clean  cover  glass  and  another  thin  glass 
cover  placed  over  it.  By  pressure  and  a  tt>-and-fro  motion  tlie  mate- 
rial is  crushed  and  distributed  as  evenly  as  possible  ;  the  glasses  are 
then  separated  by  a  sliiling  njotit>a.  The  film  is  permitted  to  dry  by 
exposure  in  the  air.  When  dry  the  cover  glass,  held  in  forceps,  is 
passed  three  times  through  the  flame  of  an  alcohol  lamp  or  Bunsen 
burner  to  fix  the  albuminous  coating.  Too  much  heat  causes  the  film 
to  turn  brown  and  ruins  tlie  preparation.  The  staining  fluid  (ZieliFs 
carbol-fuchsin)  may  then  be  poured  ujion  the  cover  glass,  or  this  may 
be  floated  upon  the  .surf^ice  of  the  fluid  containotl  in  a  shallow  watch 
glass.  Heat  is  now  applied  by  bringing  the  cover  ghiss  over  a 
flame  and  holding  it  there  until  steam  begins  to  be  given  oflf  from 
the  surface  of  the  staining  fluid ;  it  is  then  withdrawn  and  again 
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gently  heated  at  intervals  for  a  minute  or  two.  The  cover  ^Inas  \» 
then  washed  in  water,  and  the  film  will  be  seen  to  have  a  uniform 
deep-red  color.  The  next  step  consists  in  decolorization  in  the  acid 
solution  (tvventy-five-i>er-cent  solution  of  nitric  or  of  suli>huric  acidi. 
The  cover  ghiss  is  gently  moved  about  in  this  solution  for  a  few 
secondB,  and  the  color  will  be  seen  to  quickly  fade  to  a  greenisli 
tint.  The  object  is  to  remove  all  color  fn>in  the  cells  and  the  al- 
buminous backi^round.  so  tiuit  the  btu^iUi,  which  retain  their  color  in 
presence  of  the  acid,  may  be  clearly  seen.  The  preparation  is  ni*tt 
washtHi  in  dilute  alcohol  (sixty  per  cent)  to  remove  the  fuchaiii 
whicli  luis  been  set  free  by  the  acid.  If  decoloriaition  was  not  car- 
ried far  enough  the  film  will  be  seen  to  still  have  a  red  color,  eep^ 
cially  in  places  where  it  is  thickest,  when  it  is  removed  from  the 
dilute  alcohol  and  washed  out  in  water.  In  this  c^ise  it  will  Iw 
necessary  to  return  it  to  the  acid  solution  and  again  wash  it  in  tlw 
dilute  alcohol  and  in  water.  It  may  now  be  placed  in  a  solutioo 
of  methylene  blue  or  of  vesuvin  for  a  contrast  stain.  The  tul«en-l^ 
bacilli  are  distinj^uishLHl  by  the  fact  that  they  ret^un  the  retl  ct.'lor 
imparted  to  them  iu  the  fuchsin  Boluti<jn.  whUe  other  bacteria  prr- 
sent,  having  been  decolorized  in  tlio  acid  solution,  take  the  contrast 
stain  and  apjwar  blue  or  brown,  according  to  the  color  utttnl.  The 
doiible-stainod  preparation,  after  a  final  washing  in  water,  nwiy  1* 
examined  at  once,  or  dried  and  mounted  in  bahjam  for  i>ermanvnt 
preservation. 

Of  the  variiuis  other  methods  which  have  been  proposeti,  tluit 
Friinkel,  iw  m<idifie<l  by  Gablx^tt,  apj)ears  to  l)e  the  most  useful. 
consists  in  staining  as  above  directed  with  Ziehl's  carbol-fuchsin  >(«Ju- 
tion,  and  in  then  placing  the  cover  glass  directly'  in  a  seouud  stAutkm 
which  (;ontains  lx>th  the  acid  fur  decolorizing  and  the  contrast  staiB. 
This  second  solution  contains  twenty  parts  of  nitric  acid,  thirty  parti 
of  alcohol,  fifty  parts  of  water,  and  sufficient  methylene  blue  to 
a  saturateii  solution  (one  bi  two  parts  in  one  hundred).  After  ; 
maining  in  this  soUition  for  a  minute  or  two  the  cover  ghisu  is  wiwbrd 
in  water,  and  ujKin  microscopical  examination  the  tubercle  liHcilli.  if 
prestMit,  will  Ite  seen  as  rtnl  rotls  which  strongly  conlrniit  witli  Uk 
blue  background. 

The  methods  roconunendod  for  cover-glass  preparations  vttMfi 
be  used  for  staining  the  tubercle  bficillus  in  thin  sections  of 
culous  tissues,  ex«"ept  that  it  is  l)est  not  to  employ  ht^it.     The 
tions  may  1m?  left  for  an  hour  in  the  carlMil-fuchsia  B(.>lutiaa4  •*  '" 
twelve  hours  in  the  Ehrlich-Weigert  tubercle  stain — eleren  cofaio 
centimetres  f»f  satiirat<*d  alc«>holic  solution  of  methyl  ^nolet,  tent 
centimetres  of  aljsolute  ulc<>hol,  one  hundretl  cubiccentitnetveeofi 
line  water.     They  should  then  l»e  decolorized  by  placing;  thflOi 
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about  half  a  minute  in  dilute  nitric  acid  (ten  per  cent);  then  wash 
out  color  in  sixty-jjer-cent  alculiol  ;  counter-stain  for  two  or  thrco 
minutes  in  asiituratoda(iu<H>us,st>liition  of  nn'thylene  blue  ;  dehj^dnxte 
with  absolute  alcohol  vr  with  aniline  oil  ;  clear  up  in  oil  of  cedar, 
and  mount  in  xj'lol  balsiun.  If  the  aniline-water-methyl-\'iolet  solu- 
tion has  been  used  for  staininj^  the  bacilli  a  saturated  solution  of 
vesuvin  may  he  used  as  a  contrast  stain. 

Biological  Characters. — A  parasitic,  aerobic,  non-motile  ba- 
cillus, which  grows  only  at  a  teiniwrature  of  about  37°  C.  Is  also  a 
fuvultitiive  anaerobic  (Frankel). 

The  question  as  to  spore  format  ion  has  not  been  definitely  deter- 
nuned.  It  hixs  been  generally  assumed  that  the  unstained  spaces 
which  are  frequently  seen  in  the  bacilli  are  spores  ;  and  the  fact  that 
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Fio.  118.— Section  through  a  tuberculoiu  nodule  is  tbe  luDg  o(  a  cow,  showliiK  two  iclaot  ceHa 
oontalnlnu  tubercJe  bacilli.    X  IttO.    (Baumgartea.) 

caseous  material  in  which  a  micro-gcopical  examination  haB  failed  to 
demonstrate  the  presence  of  bacilli  may  produce  tuberculosis,  with 
btuiiUi,  when  iinKMilated  into  guinea-pigs,  has  Iteon  explained  up<jn  the 
supposition  that  tliis  material  contained  Hpore,s.  But  a  few  bacilli 
present  in  kucIi  ca.seuii.s  mat<jrial  might  eaMily  e-scajie  det-ection.  As 
pointed  out  by  Frankel,  the  oval  spaces  in  stained  specimens  have 
not  the  sharply  defined  outlines  of  spores.  Moreover,  the  iKU^illi.  when 
examined  in  unstained  preparations,  do  not  contain  corresponding  re- 
fractive bi>dies,  reoogniKable  as  spores.  And  when  the  bacilli  are 
stiuned  by  Gram's  metlmd  the  protoplasm  is  often  contracted  in  the 
form  of  httle,  spherical  .staiued  masses,  wliile  the  unstained  spaces 
are  larger  and  no  longer  have  the  oval  form  presented  in  rods  stained 
by  Ehrhch's  method.  The  great  resisting  power  of  the  bacillus  to 
htiat  and  to  desiccation  has  been  supposed  to  be  due  to  the  presence 
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of  spores.  But,  so  far  as  resistance  to  heat  is  concerned,  this  is  not 
so  g^oat  as  was  at  one  time  believed.  Schill  and  Fischer  (188^4),  a*- 
suming  tliat  the  tul>ercle  baciUuH  forms  spjres,  made  quitt)  a  niiml»r 
of  experiments  to  determine  its  tliermal  death-point.  They  sub- 
jected sputum  containing  the  bfwilhis  to  a  temperature  of  100"  C,  ami 
t«sted  the  destruction  of  vitahty  by  inoculations  into  guinea-pigs. 
Exposure  to  steam  at  a  temperature  of  100''  C.  for  two  to  five  min- 
utes was  effective  in  every  exj>eriment,  with  one  exception.  One 
guinea-pig  died  tuberculous  after  ha\nng  Ijeen  inoculated  with 
sputum  exposed  to  this  t^'mperatu re  for  two  minutes.  This  result 
wjis  assume<l  to  show  that  the  bacillus  would  survive  lower  tempera- 
tures, but  it  is  evident  that  additional  experiments  were  require*!  to 
establish  this  fact.  In  1S87  the  writer  made  a  few  similar  experi- 
ments at  a  lower  temperature,  and  guinea-pigs  inoculat<«d  with  tuber- 
culous sputum  exposed  for  ten  minutes  to  a  temperature  of  'JO",  S>T, 
and  60°  C.  failed  to  become  tuberculous,  while  another  guinea-pig, 
inocidated  with  the  same  mat»3rial  after  ex{K>sure  to  a  tomperatutv  «rf 
50^  C.  for  ten  minutes,  died  tuberculous.  These  results  correBpuwl 
with  those  subsequently  (1888)  reported  by  Yersin,  who  tested  U>* 
thermal  death-ixMiit  of  this  bsicillus  by  the  culture  raethod-  Thi* 
author  assumes  tliat  the  bacilli  form  spores,  but  states  as  a  resxdtuf 
his  experiments  that  ''  at  the  end  of  ten  days  bacilli  heated  for  ten 
minutes  at  55'  C.  gave  a  ciilttu'e  in  glycerin-lxauillou  ;  those  h««tod 
to  1)0°,  at  the  end  of  twenty-two  days;  while  those  hei4t«»«l  to  70'  and 
above  failed  to  grow  in  every  instance.  This  experiniBnt,  repeated  a 
groat  number  of  times,  always  gave  the  same  result.  The  tuberdo 
bacilli  then  resist  a  temperature  of  60°  C.  for  ton  minutes,  and  it  fe 
to  Ik-  rL-marketl  that  the  resistance  of  spores  to  heat  appears  to  be  no 
greater  than  that  of  the  bacilli  themselves."  Yersin  remarks  in  a 
f(H)tnote  that  "  the  spores  which  served  for  these  experimeuL-t  diJ 
not  appear  as  more  or  leas  irregular  granules  taking  the  c^ilonog 
matter  strongly,  but  as  veritjvble  spores  mth  sliarply  detini*d  outhnrt^ 
to  the  number  of  one  or  two  in  a  bacillus,  or  three  at  the  oubada 
These  spores  are  particularly  clear  in  cultures  up*m  glycena-aigu 
several  weeks  old." 

It  may  be  that  bacteriologists  have  been  mistaken  in  the  infer- 
ence that  all  spores  posse-ss  a  greater  resisting  power  for  htvit  tiiaa 
tliat  exhibited  by  baciUi  in  the  absence  of  spores.  Tliat  this  is  true 
as  regjirds  anthrax  spores  and  many  others,  the  thenunl  duath-paimt 
of  which  has  been  determined  by  exact  experiments,  does  not  prow 
that  it  is  true  for  all.  And  it  is  known  tliat  there  are  wide  diibr> 
encesin  the  resisting  power  both  of  the  spores  of  differont  apaeifli 
and  in  the  vegetating  cells.  To  admit  that  the  tubercle  baeUliai  or 
the  typhoid  bacillus,  et<\,  may  form  spores  which  have  no  graatar 
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re<dstin{j:  power  against  hoat  than  the  bacilli  themselves,  would  there- 
fore simply  be  au  aiimission  that  sumu  Liicteriologists  hud  ina<le  a 
mistakeu  inference  based  upon  incomplete  data.  In  view  of  the 
fai*ts  stated  we  can  simply  repeat  what  wn&  said  at  the  outset,  viz., 
the  ijuestion  as  to  spore  formation  haa  not  been  definitely  deter- 
mined. 

The  tubercle  bacillus  is  a  .ifricf  parasite,  and  it.i  biological  char- 
acters are  such  that  it  could  scarcely  find  natuial  cimditions,  outside 
of  the  bodies  of  living  animals,  favorable  for  its  multiplication.  It 
therefore  does  not  grow  as  a  saprophj-te  under  ordinary  circum- 
stances. But  it  has  been  noted  by  Rous  and  Nocard  that  when  it 
has  been  cultivated  for  a  time  in  artificial  media  containing  glycerin 
it  may  gr<jw  in  a  plain  bouillon  of  veal  or  chi('kon,  in  which  media  it 
fails  to  develop  when  intnxlaced  directly  from  a  culture  originating 
from  the  body  of  an  infected  animal.  This  would  indicate  the  pos- 
sibility of  its  aciiuiring  the  ability  to  grow  as  a  saprophyte  ;  and  we 
can  scarcely  doubt  that  at  some  time  in  the  past  it  was  a  true  sapro- 
phyte. The  experiments  of  Nuttall  indicate  that  the  bacillus  may 
multiply,  under  favorable  temperature  conditions,  in  tuberculous 
sputum  outside  of  the  body.  And  it  is  extremely  probable  that  mul- 
tiplication occurs  in  the  muco-pnrulent  secretion  which  accumulates 
in  pulmonary  cavities  in  phthisicsil  ])atients.  In  these  cavities  its  de- 
velopment may,  in  a  certain  sense,  be  regarded  as  saprophytic,  as  it 
feeds  upon  uondiving  organic  material. 

K(K-h  first  succeeded  in  cultivating  this  bacillus  upon  coagulated 
blood  sennit,  prejMired  as  directed  in  Section  YIII..  Part  Fii-st,  of  the 
present  volume,  lioux  and  Nocard  have  since  shown  (Iy88)  that  it 
grows  very  well  on  nutrient  agar  to  which  glycerin  haa  been  added 
(six  to  eight  per  cent),  and  also  in  veal  broth  containing  five  per  cent 
of  glycerin.  It  is  difficult  to  obtain  pure  cultures  from  tuberculous 
sputum,  on  acoount  of  the  presence  of  other  bacteria  which  grow 
much  more  rapidly  and  ttike  full  possession  of  the  nielli  ura  before  the 
tubercle  bacillus  h;is  had  time  to  form  visible  colonies.  For  tliis  rea- 
son it  is  beat  to  first  inoculate  a  guinea-pig  with  the  tubercidous  spu- 
tum and  to  obtain  cultures  from  it  after  tuberculous  infection  has 
fully  developed.  The  inoculated  animals  usually  tlio  at  the  end  of 
three  or  four  weeks.  It  is  best  to  kill  one  which  gives  evidence  of 
being  tuberculous,  and  to  remove  one  or  more  nodules  from  the 
lungs  through  an  opening  made  in  the  chest  walls.  The  greatest 
care  will  be  required  to  prevent  contamination  by  other  common 
microorganisms.  The  instruments  used  must  be  sterilized  by  heat, 
and  the  skin  over  the  anterior  thoracic  wall  carefully  turned  back  ; 
then,  after  again  sterilizing  knives  and  scissors,  cut  an  opening  into 
the  chest  cavity,  draw  out  the  root  of  the  lung,  and  titke  up  with 
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slender  sterilizcKl  forceps,  or  with  a  strong  platinum  loop,  one  or 
more  well-defined  tubercular  notiules.  These  may  l)e  conveyed  di- 
rt;ctly  to  the  surface  of  tlio  sulid  culture  medium  and  then  broken 
up  and  rubbed  over  the  surface  as  thoroujjrhly  iw  possible  ;  or  they 
may  first  be  cmshotl  between  two  sterilized  gla.ss  slides,  and  tlien 
transferred  wnth  the  phitiiiHrn  loop  and  thoroughly  rubbed  into  the 
surface  of  the  culture  medium. 

This  breaking-up  of  the  tuberculous  nodules  and  distribution  of 
the  baL'illi  upon  the  surface  of  the  culture  medium  is  essential  for 
the  success  of  tlie  experiment.  Instead  of  using  tlie  tubercular 
nodules  in  the  lungs,  an  enlarged  IjTnphatic  gland  from  the  axilla  or 
elsewhere  may  l>e  used,  as  first  recommended  bj'  K^x^h.  This  is  to 
be  crushed  in  tlie  same  way  ;  and  it  will  bo  best  to  inoculate  a  nuui* 
ber  of  tubes  at  the  same  time,  as  accidental  contamination  or  failure 
to  develop  is  very  liable  to  occur  in  a  certain  number.  Owing  to  the 
liability  of  the  blood  serum  to  become  too  dry  for  the  development  of 
the  bacillus,  it  is  test  to  keei)  the  cultm^js  in  a  moist  atmosphere,  or 
t<j  prevent  evaporatinn  by  ap[)lying  a  rubber  cap  over  the  open  end 
of  the  test  tube.  This  should  be  sterilized  in  a  solution  of  mercuric 
chloride  (1  : 1,000)  ;  and  the  end  of  the  cotton  plug  should  be  biimed 
off  just  before  applying  it,  for  the  purpose  of  destroying  the  spores 
of  mould  fungi,  which  in  a  dry  atmosphere  would  be  harmless,  but 
under  tlie  rubber  cap  are  likely  to  sprout  and  to  send  their  mycelium 
through  the  cotton  plug  to  the  interior  of  thy  tube,  thus  destroying 
the  culture. 

Upon  coagulated  blood  serum  the  growth  first  becomes  ^nsible  at 
the  end  of  ten  to  fourteen  days  (at  37''  C).  and  at  the  end  of  three 
weeks  a  very  distinct  and  chanicteristic  develop- 
ment has  occurred.  The  first  jvppearance  is  that  of 
dry-l<x>king;  grayish- wliit«  points  and  scales,  which 
are  without  lustre,  and  are  sometimes  united  to 
form  a  thin,  irregular,  membranous-looking  layer. 
Under  the  microscope,  with  an  amplification  of 
eiglity  diameters,  the  early,  thin  surface  growth 
upon  bloo<i  serum  pres<?nts  a  characteristic  appear* 
anco.  The  bacilh,  arranged  in  parallel  rows,  form 
variously  curved  figures,  of  which  we  may  obtain 
impressions  by  carefully  applnng  a  dry  cover  glass 
to  the  surface.  Upon  staining  the  preparation  in 
the  usual  way  the  s^ime  arrangement  of  the  bacilli 
which  adhered  to  the  thin  gla,ss  cover  will  be  pre- 
served. The  growth  is  more  abundant  in  subsequent  cultures, 
which  have  been  kept  up  in  K(x."h'8  laboratory  from  his  original 
pure  cultures  up  to  the  prt-sent  time  ;  in  these  the  bacillus  still   pre- 


Ficj.  119.— Tubercle 
bacilli  from  sarfmoe  of 
cull  ure  upon  blood  ne- 
tum.   x500.   (Koch.) 
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serves  its  characters  nf  fomi  and  {growth,  and  its  specific  pathogenic 
power. 

Pastor  (1892)  has  succeeded  in  obtaioiag  pur©  cultures  of  the 
tubercle  bacillus  from  sputum  by  the  following  ingenious  metliod  : 
After  proving  by  inicrcsoopic  examination  that  the  sputum  of  a 
tuberculous  individual  ciintains  numerous  bacilli,  he  has  the  patient 
cleanse  his  mouth  as  thoroughly  an  possible  A%*ith  steriMze«l  ■water, 
and  then  expectorate  some  material,  coughed  up  from  the  lungs,  intti 
a  sterilized  test  tube.  By  shaking  with  sterilized  water  a  fine  emul- 
sion is  made,  and  this  is  filtered  through  fine  gauze.  The  filtrate, 
which  is  nearly  transparent,  contains  numerous  tubercle  bacilli.  A 
few  drops  of  the  emulsion  are  now  a<ldod  tohcjuefied  gelatin  in  a  test 
tube,  and  a  plate  is  made  in  the  usual  way.  This  is  kept  for  three 
or  four  days  at  the  room  temjwrature.  during  which  time  the  com- 
mon mouth  bacteria  cajmble  of  growth  form  visible  colonies.  By 
me^ins  of  a  hand  lens  a  jjlace  is  now  soloi-tcd  in  which  no  colonies  are 
seen,  and  a  bit  of  gelatin  i.s  excised  with  a  sterilized  knife.  This 
piece  is  transferred  to  the  surface  of  blood  serum  or  glycerin- agfir, 
and  placetl  in  the  incubating  oven,  where  in  due  time  colonies  of 
the  tubercle  bacillus  will  usually  bo  foand  to  develop. 

Another  method  of  accomplishing  the  same  result  has  recently 
been  described  by  Kitasato.  This  is  a  method  devised  by  Koch  some 
time  since  and  successfully  etnplnycd  in  his  lalwratoiy.  The  morn- 
ing expectoration  of  a  tuberculous  patient,  raistr-d  from  the  lungs  by 
coughing,  is  received  in  a  Petri's  dish.  A  bit  of  sputum,  such  as 
comes  from  the  tuberculous  cavity  in  the  lungs  of  such  a  patient,  is 
now  isolated  with  sterilized  instruments  and  carefully  washed  in  at 
least  ten  succe&sive  portions  of  sterilized  water.  By  this  proce<lure 
the  bacteria  accidentally  attached  to  the  viscid  mass  of  sputum  dur- 
ing its  passage  through  the  mouth  are  washetl  away.  In  the  last 
bath  the  mtiss  is  torn  apart  and  a  small  portion  from  the  interior  is 
used  to  make  a  microscopic  preparation,  the  examination  of  which 
shows  whether  only  tubercle  bacilU  are  pre.sent.  If  this  bo  the  case 
cultures  upon  glycerin-agar  are  startwl  from  material  obtained  from 
the  interior  of  the  same  mass.  The  colonies  obtained  in  tliis  way 
appear  in  about  two  weeks  as  round,  white,  ojmque.  moist,  and  shin- 
ing masses.  Kitsisatos  researches  show  that  the  grofiter  portion  of 
the  tubercle  bacilli  in  sputum  obtainetl  in  tliis  way,  and  in  the  con- 
tents of  lung  cavities,  are  incapable  of  development,  although  this 
fact  cannot  be  recognized  by  a  microscopic  examination  of  stained 
specimens. 

On  account  of  the  greater  facility  of  jtreparing  and  steriUzing 
glycerin-agar,  and  the  more  rapid  and  abundant  development  upon 
this  medium,  it  is  now    usually  employed  in  preference  to   bkM.K.1 
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senini.  The  growth  at  tlie  end  of  fourteen  days  is  more  abundant  than 
upon  blootl  serum  at  the  end  of  several  weeks.  When  numerous 
bacilli  have  been  distributed  over  the  siu'face  of  the  culture  mechiim 
a  rn*>ipr  mn'foTm,  thick,  white  layer,  which  subseciuently  acquires  a 
yellowish  tint,  is  developed  ;  when  the  bacilli 
are  few  in  number  or  are  ass<xnated  in  scattered 
groups  separate  colonies  are  developed,  which 
acquire  considerable  thickness  and  have  more 
or  less  irrejifular  outlines  ',  they  are  white  at 
iirst,  then  yellowish-white,  Frankel  describes 
the  tuliercle  l«»cillu3  as  a  facultative  antierobic, 
and  it  would  apjiear  that  it  must  be  able  to  grow 
in  situations  where  it  can  obtain  very  little  oxy- 
gen from  its  development  in  the  interior  of  tu- 
l»ercxilnu8  nodules.  Ijnnphatic  glands,  etc.  But 
in  stick  cultures  in  glyceriu-agar  development 
only  f>ocurs  near  the  surface,  and  not  at  all  in 
the  deeper  jxjrtion  of  the  medium.  In  \*iow  of 
its  abundiint  growth  on  the  surface  it  is  diffi- 
cult to  understand  this  faihire  to  grow  along 
tlie  line  of  puncture,  if  it  is  in  tiiith  a  faculta- 
tive anaerobic. 

In  jx^ptonized  veal  broth  containing  five  per 
cent  of  glycerin  the  bacillus  develops  at  first  in 
the  form  of  little  ftocculi.  which  accmniUate  at 
the  bottom  of  tlie  flask  and  which  by  agitation 
are  easih'  broken  up.  At  the  end  of  two  or 
three  weeks  the  liottom  of  the  flask  is  covered 
with  similar  ttt^R-ruli,  which  form  an  abundant 
deiiosit. 

Pawlowfski  and  otliers  report  success  in  cul- 
tivating the  tulitircle  bacillus  ui^jii  the  surface 
of  cooked  potato  enclosed  in  a  test  tul)e  after 
the  method  of  Bolton  and  Roux.  The  open  end 
of  the  tube  is  henuetically  sealed  in  a  flame 
after  the  bacilli  have  been  planted  upon  the 
ol)liquely-eut  surface  of  the  ]X)tato :  this  prevents  drying.  Ac- 
cording to  Pawlowski,  better  results  are  obtained  if  the  surface  of 
the  potato  is  moistened  with  a  five-per-cent  solution  of  glycerin.  The 
growth  is  said  to  be  seen  at  the  end  of  about  twelve  days  as  grayish, 
dry-looking  flakes  :  at  the  end  of  three  or  four  weeks  it  forms  a  dry, 
smooth,  whitish  layer,  and  no  further  develo[»ment  occurs. 

The  range  of   temjierature  at  which  tliis  bacillus  will  grow  is 
very  restiicted  ;  37''  C.  is  usually  given  as  the  most  favorable  i)oiQt, 


Via.  l*.i.-i  Mi i  1,1,.  .,r  tu- 
bercle bacQlut  upuQ  gifcv- 
rin^Mgar.  Photograph  by 
Roux. 
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but  Roiix  aud  Ncx'ard  say  that  the  most  favorable  tc«iii>erature  ap- 
pears to  be  30",  and  that  development  is  slower  at  37°. 

The  experiments  of  K<x;h,  Schill  and  Fischer,  and  others  show 
that  the  bacilli  retain  their  "\'itality  in  desiccattnl  sputuin  for  several 
months  (nine  to  ten  months — De  Toma^;  but  they  are  said  to  undergo 
a  gradual  diminution  in  pathogenic  virulence,  which  is  more  rapid 
when  the  desiccated  material  is  kept  at  a  temiwratiire  of  30^  to  -iO"  C. 
In  the  experiments  of  Cadeac  and  Malet  portions  of  the  lung  from 
a  tuberculous  cow,  dried  and  pulverized,  produced  tuberculosis  in 
guinea-pigs  at  the  end  of  one  hundreil  and  two  days.  They  retain 
their  vitality  for  a  oonsitlerable  time  in  putref\-ing  material  (forty- 
three  days — Schill  and  Fisclior  ;  one  hundred  and  twenty  days — Ca- 
deac and  Malet).  Tiie  resisting  power  of  tliis  bacillus  against  ger- 
micidiil  agents  is  also  greater  than  that  of  certain  other  pathogenic 
microorganisms,  but  not  so  great  as  t(j  justify  the  inference  that  it 
forms  spores.  It  is  not  destroyed  by  the  gastric  juice  in  the  sto- 
mach, as  is  sho\VTi  by  successful  infection  experiments  in  suscep- 
tible animals,  by  mixing  cultures  of  the  hicilhis  with  their  fixxl 
(Baumgarten,  Fischer),  and  also  bj'  exiwiriments  ^vith  an  artificially 
prepjired  g<istric  juice  (Falk).  They  are  destroyed,  in  .sputum,  in 
twenty  hours  by  a  three-jwr-cent  solution  of  carbolic  acid,  even 
when  they  present  the  appearance  usually  ascribed  to  the  presence 
of  8jK)res  (Cavagnis)  ;  also  by  absolute  alcohol,  a  saturated  aqueous 
solution  of  salicylic  acid,  saturated  aniline  water,  etc.  (Schill  and 
Fischer).  The  more  recent  experiments  of  Yersin  upon  pure  cul- 
tures of  the  Vjacillus  gave  the  following  results  :  "  Tubercle  bficilli, 
containing  sjiores,  were  killed  by  a  five-per-cent  solution  of  carlxjlic 
acid  in  thirty  seconds,  by  one-per-cent  in  one  minute  ;  absolute  alco- 
hol, five  minutes  ;  iodofomi-ether,  one  jier  cent,  five  minutes ;  ether, 
ten  minutes;  mercuric  chloride,  1:1,000  solution,  ten  minutes; 
tlaynntl,  three  hours  ;  saHcyUc  acid,  2.5  per  eeut,  six  hours. 

The  tubercle  bacillus  apfiears  to  Iw  esirecially  susceptible  to  the 
action  of  light.  In  his  ai.ldres3  Ix-fore  the  Tenth  International  Medi- 
cal Congress  (Berlin,  ISIK))  Koch  ssiys  that  when  e.vi>oseil  to  direct 
sunlight  the  tubercle  bacillus  is  killed  in  from  a  few  minutes  to  sev- 
eral hours,  according  to  the  thickness  of  the  layer ;  it  is  also  de- 
stroyed by  diffuse  dayhgiit  iu  from  five  to  seven  days  when  pliice<l 
near  a  window.  This  fact  has  an  important  hygienic  bearing,  espe- 
cially in  view  of  the  fact  that  the  tul>ercle  bacillus  is  not  readily 
kille<l  by  desiccation,  putrefaction  of  the  material  containing  it,  etc. 
Tul)erculous  sputimi  e.xj>ectorate<l  up-m  sidewalks,  etc.,  being  ex- 
posed to  the  action  of  direct  sunlight,  will  in  many  cases  be  disin- 
fected by  this  agent  by  the  time  complete  desiccation  luis  occurred — 
i.e.,  before  it  is  iu  a  condition  to  1x3  earned  into  the  air  as  dust. 
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Sawizky  in  tH'.U  niaile  a  series  of  experiments  to  determine 
the  lengtli  of  time  diiringf  which  dried  tuberculous  sputum  retains 
its  virulence.  He  arrived  at  the  concluaiun  that  virulence  is  not  siid- 
denh'  but  gradually  lost,  and  that  in  an  urdiuary  dwelling  room 
tlried  pputnm  retains  its  specific  infectious  power  for  two  and  one- 
half  months. 

MetschnikoflF  states  that  when  kept  at  a  temjieratiire  of  43°  C.  for 
some  time  the  tubercle  bacillus  undergoes  a  notable  diminution  in 
its  pathogenic  i>ower,  and  that  when  kept  at  a  temperature  of  43°  to 
44°  it  after  a  time  only  induce«  a  local  abscess  when  injected  subcu- 
taneously  into  guinea-pigs.     The  experiments  of  Lute  also  indicate 
that  an  "attenuation  of  virulence  "  has  occuiTed  in  the  cultures  pre- 
served in  Koch's  laboratorj',  originating  in  1882  from  the  lungs  of  a 
tuberculous  ape.     The  author  named  m^uie  ex]>eriinents  with  cul- 
tures from  this  source  (ninetieth  to  ninety-fifth  successive  culture), 
and  at   the  same  time  with   a   eultiu-e  obtained   from    Roux,   of 
Pasteur's  laboratory.      Rabbits  inoculated  with  cultures  from  the 
List-mentioued  source  developed  a  hectic  fever  at  tlie  end  of  two 
weeks,  and  died  tubercidous  at  the  end  of  twenty -ijne  to  thirty-nine 
days.      Twelve   rabbits  were    inoculated  with    the  cultures    from 
Koch's  lalxiratory  ;  the  injections  were  made  either  sulK'utaueousIy, 
into  a  vein,  into  the  pleural  cavity,  or  into  the  cavity  of  the  abdo- 
men.    No  elevation  of  temperature  occurred  in  any  of  the  animals, 
and  they  were  found  at  the  end  of  a  month  t<j  have  increased  in 
weight.     At  the  en<l  of  six  weeks  one  of  them  was  killed  an<l  tuljer- 
cular  nodules  were  found  in  various  organs.    The  remaining  animals 
were  kilUnl  at  the  end  of  one  hundred  iind  forty-four  to  one  hundred 
and  fortj'-eight  days.     The  two  iniK-ulated  suix-utaneoiLsly  presented 
no  sign  of  general  tuberculosis,  but  a  small  yellow  luwlule  contain- 
ing bacilli  was  found  at  the  point  of  inoculation.     Those  inoculated 
by  injection  into  a  vein  showed  one  or  two  nodules  in  the  lungs  con- 
taining a  few  bacilli.     In  KiKih's  original  experimentij  rabbits  were 
killed  by  intravenous  inoculation  of  his  cultures  in  fnjm  thirteen  to 
thirty-ono  days.     That  this  attenuation  of  \Trulence  de[)end3  upon  a 
diminished  production  of  a  toxic  protluct  to  which  the  bacillus  owes 
its  pathogenic  power  appears  to  be  very  certain,  in  view  of  the  fact 
that  the  late  cultures  in  a  series  have  a  more  vigorous  and  abundant 
deveh.ipment  than    the  more  pathogenic  cultures  obtained  directly 
from  the  animal  ImmIv. 

The  lUscovery  by  Kcx;h  of  a  toxine  in  cxiltures  of  this  bacillus, 
which  is  soluble  in  glycerin,  and  which  in  very  minute  doses  pro- 
duces febrile  resu-ticju  and  other  dwided  Kyinpt<jm3  when  injected  8ub- 
cutaneously  into  tuberculous  animals,  must  rank  as  one  of  the  first 
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importance  in  scientific  medicine,  whatever  the  final  verdict  may  be 
as  to  its  therapeutic  value  in  tubercular  diseases  in  man. 

The  toxic  substance  contained  in  Koch's  glycerin  oxtrtvct  from 
cultures  of  the  tubercle  bacillus,  now  genorully  known  under  the 
name  of  tuberculin,  is  soluble  in  water,  insoluble  in  alcohol,  and 
passes  readily  tiiroug-h  dialyzing  raembrauos.  It  is  not  destroyed  by 
the  boiling  tompcratare,  According  t(i  the  chemical  examination  of 
Jolles,  the  '"lymph"  contains  fifty  per  cent  of  water  and  does  not 
contain  alkaloids  or  cyanogen  compounds.  It  contains  albuminates, 
which  are  thrown  down  as  a  voluminous  white  precipitate  by  tannic 
acid,  and  are  redissolved  by  hut  water  contiuning  soilium  cliloride 
and  very  diluted  potash  solution.  The  elementary  analysis  gave 
N  5.90  per  cent,  C  35.19  per  cent,  and  H  7.02  per  cent.  The  re- 
sults obtained  are  lielieved  to  show  that  the  active  substfinee  present 
in  the  Ijnuph  L^  a  t<jxalbumin.  In  experiments  made  with  Kcx-h'a 
lymph  in  Pasteur's  laboratory  by  Bardach,  a  very  decided  elevation 
of  temperature  was  produced  in  tuberculous  guinea-pigs  by  tlie  sul)- 
cutaneous  injection  of  0.1  gramme,  and  a  fatal  result  by  the  injec- 
tion of  0,3  to  0.5  gramme.  In  man  a  decided,  febrile  reaction  is  pro- 
duced in  tuberculous  patients  by  very  much  smaller  doses — 0.001 
cubic  centimetre. 

Hammersehlag,  in  his  chemical  rtisearches,  found  that  the  tubercle 
bacillus  yields  a  larger  ]iroiK)rtion  of  substances  soluble  in  alcohol 
and  ether  than  any  otlier  bacilli  teste<l  (twenty-seven  percent).  The 
alcoholic  extract  contains  fat,  locithia,  and  a  toxic  substance  which 
produces  convulsions  in  rabbits  and  guinea-pigs.  The  portion  in- 
soluble in  alcohol  and  ether  ctmtains  cellulose  and  an  albuminoid 
subst^ance.  No  ptomaines  were  found,  but  a  toxalbumin  was  isolated, 
which  caused  an  elevation  of  temperature  in  rabbits  of  1°  to  2°  C, 
lasting  for  a  day  or  two. 

Hunter  reports  the  following  results  of  his  chemical  examination 
of  tuberculin.     It  couttuns-^ 

1.  Albunioses,  cliiefly  jirotoalbumose  aud  deuUToalbumose,  along  with 
heteroalbumose,  and  occasinnully  a  trace  of  dysalbuiiuwe. 

2.  Alkaloidal  subsUinces,  two  of  which  can  be  obUined  in  the  form  of 
the  platinum  compounds  of  their  hydrochtorate  salts. 

.3.  Kxtnictiveii,  small  in  quantity  and  of  unrecognized  nature. 

4.  Mucin. 

5.  Inorganic  salts. 

6.  Glycerin  and  coloring  matter. 

The  following  conclusions  are  reached  with  reference  to  its  toxic 
properties  : 

1.  Tuberculin  owes  its  activity,  not  to  one  priucitile,  but  to  at  least  llu^e, 
and  i)rohably  more,  ditfei-ent  substauces. 

2.  Its  action  in  producing  locjtl  inHammation,  fever,  and  general  consti- 
tutional disturbance  is  uol  a  simple  but  an  extremely  complex  one. 
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3.  Its  active  iu^redieata  are  of  the  nature  of  albumoses,  alkaloidal  siib« 
stances,  and  extractives.  Tbe  actioa  of  these  is  in  cecCain  instances  antag- 
onistic. 

4.  Its  remedial  and  inflammatory  actions  are  connected  with  the  presence 
of  coi'taiii  of  its  albmnuses,  while  its  fevar  producing  properties  are  chiefly 
associated  with  subHtances  of  uon-atbuminDiis  nature. 

6.  Tbe  albumoses  are  not  lost  by  dialysis;  the  latter  ai-e.  By  the  adoption 
of  suitable  methods  it  is  thu.^  possible  to  remove  the  substances  which  cause 
the  fever,  while  retaining  those  which  are  beneficial  in  their  action. 

6.  The  fever  produced  by  tuberculin  is  thus  absolutely  unessential  to  ita 
remedial  action. 


In  a  communication  dated  Octr>l»er,  IRni,  Koch  has  given  a  full 
account  of  his  method  of  preparing  cnide  tuberculin,  and  also  the 
process  by  which  he  obtains  from  this  a  tubfrculin  which  appears  to 
be  pure,  ur  nearly  so.     To  obtain  cunsiderablG  ijiiantities  of  the  crude 
product  the  tubercle  bacillus  is  cultivated  in  an  infusion  of  calves' 
flesh  or  of  beef  extract  to  which  one  per  cent  of  peptone  and  four  to 
five  pi?r  cent  of  glycerin  have  been  added.     This  culture  liquid  must 
be  made  slightly  alkaline,  and  it  is  placet!  in  flasks  with  a  flat  bottom, 
which  should  not  he  more  tlian  half-filled — thirty  to  fifty  cubic  centi- 
metres.   The  inoculation  is  ma<le  upon  the  surface  with  small  massed 
from  a  culture  u[>on  blood  serum  or  glycerin-agar.      By  accident 
Koch  discovered  that  these  iniisses  floating  upon  the  surface  give  rise 
to  an  abundant  development  and  to  the  formation  of  a  tolerably  thick 
and  dry  white  layer,  which  fiually  covers  the  entire  surface.     At  the 
end  of  six  to  eight  weeks  development  ceases  and  the  layer  after  a 
time  sinks  to  the  Ix^ttom,  breaking  up  meanwhile  into  fragments. 
These  cultures,  after  their  purity  hits  boon  teste<l  by  a  raicroscopicAl 
examination,  are  pouretl  into  a  suitable  vessel  mvl  evaporated  to  one- 
tenth  the  original  volume  over  a  water  bath.     The  liquid  is  then  fil- 
tered through  porcelain.     The  crude  tuberculin  obtained  by  this  pro- 
cess contains  from  forty  to  fifty  per  cent  of  glycerin,  and  consequently 
is  not  a  suitable  medium  for  the  development  of  saprophj'tic  bacteria, 
if  they  should  by  accident  be  introducecl,  into  it.     It  keeps  well  and 
preserves  its  acti'V'ity  indefinitely. 

From  this  crude  tubercuUn  Ktwh  has  obtained  a  white  precipitate, 
with  sixty-per-cent  alcohol,  which  has  the  active  properties  of  the 
crude  tulxjrculiu  as  originally  prepared.  This  is  fatal  to  tuberculous 
guinea-pigs  in  doses  of  two  to  ten  milligrammes.  It  is  soluble  in 
water  and  in  glycerin,  and  lias  the  chemical  reactions  of  an  albu- 
minous body.  In  preparing  it  one  and  a  half  volumes  of  absolute 
alcohol  are  a<lded  to  one  volume  of  the  crude  tulxjrculin,  and,  after 
stirring  it  to  secure  uniform  admixture,  this  is  put  aside  for  twentj'-foiu* 
hours.  At  the  end  of  this  time  a  fiocculent  deposit  will  be  seen  at  the 
bottom  of  the  vessel.  The  fluid  above  this  is  carefully  poured  off. 
and  an  equal  quantity  of  sixty-per-cent  alcohol  poured  into  the  vessel 
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for  the  purpose  of  washing  the  precipitate.  This  is  again  allowe<i  to 
settle  aud  the  procedure  is  repeatwl  three  or  four  times,  after  which 
the  precipitate  is  \v;islied  with  absohite  ah:i>hol.  It  in  then  placed 
upun  a  filter  and  dried  iii  a  vacuum  exsiccator. 

An  analysis  of  this  purified  tuberculin  by  Pmskauor  ^ave  18.46 
per  cent  of  ash,  consisting  almost  entirely  of  potassium  and  magne- 
sium phosphate.  The  elementary  analysis  gave  4S.i;3  per  cent  of 
carbon,  7.0G  par  cent  of  hydrogen,  14.46  per  cent  of  nitrogen,  and 
1.17  per  cent  of  sulphur. 

Tizzoni  and  Cattaui  (1S92)  have  presented  some  experimental  evi- 
dence wbich  indicates  that  injections  of  Koch's  tul>erculin  into 
guinea-pigs  may  produce  in  these  animals  a  certain  degree  of  im- 
munity against  tul>erculosis;  and  that  this  immunity  depends  hv**^*i 
the  presence  of  an  anti-tnberculin  formed  in  the  lx>dy  of  the  partially 
immune  animal. 

Numerous  exjieriments  made  by  veterinary  surgeons  upon  tulier- 
cidous  cows  show  that  the  injection  of  Koch's  tuberculin  in  these 
animals,  in  doses  of  thirty  to  forty  centigrammes,  piroduces  a  rise  of 
temjjerature  of  fntiu  1'  to  ;i"  C.  The  febrile  reactitm  usually  occurs 
in  from  twelve  to  fifteen  hours  after  the  injection.  Its  duration  and 
intensity  do  not  depend  upon  the  extent  of  the  tuberculous  lesions, 
but  is  even  more  marked  when  these  are  slight  than  in  advanced 
cBses.  In  non-tuberculous  aninuds  no  reaction  occurs,  and  the  ex- 
periments made  justify  the  suspicion  that  tuberculosis  exists  if  an 
elevation  in  temperature  of  a  degree  or  more  occurs  as  a  result  of 
the  subcutaneous  injection  of  the  dose  nientitmed. 

When  the  numlier  of  tubercle  ba(^illi  in  sputum  is  comparatively 
small  they  may  ejisily  escape  ol)Hervation.  Methods  have  therefore 
been  suggested  for  finding  them  under  these  circumstances.  Ribbert 
(1886)  proposed  the  addition  to  the  sputum  of  a  two-per-cent  solution 
of  caustic  jKita.sh,  and  boiling  the  mixture.  The  tenaci<>us  mucus  is 
dissolved,  anil  when  the  mixture  is  placed  in  a  conical  glass  vessel 
the  bacilli  are  deposited  at  the  Imttom  and  may  easily  l>e  f<Hmd  in 
the  sediment  after  rennjving  the  supematiint  Huid.  The  same  object 
is  accomplished  by  Stroschein  (1880)  by  the  addition  to  sputum  of 
three  times  its  volume  of  a  saturated  solution  of  borax  and  boracio 
Bcid  in  water. 

A  method  of  estimating  the  number  of  bacilli  in  sputum,  luts  re- 
cently been  proposed  by  Nuttall,  which  appears  to  give  sufficiently 
accurate  results  and  to  Ite  useful  in  judging  of  the  progress  t)f  a 
case  or  of  the  results  of  treatment.  For  the  details  of  this  methLxl 
we  must  refer  to  the  author's  paj*er  (Jolms  Hopkins  Hospital  Bulle- 
tin, vol.  xi.j  No.  13,  18M1).  It  consists  essentially  in  first  msiking 
the  sputum  fluid  by  the  addition  of  a  solution  of  caustic  potsish  ;  in 
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thou  shaking  it  thoroughly  in  a  bottle  containing  sterilized  gravel 
or  pouncled  glass  5  in  carefully  inofi-suring  the  total  quantity  of  fluid, 
and  in  dropping  upon  glass  slides  uniform  drops  by  nieana  of  a  grad- 
uated pifK-tte  ;  in  spreading  thoso  uniformly  by  means  of  a  platinum 
newlle  and  a  turn  tjible ;  in  covering  the  dried  film  with  a  film  of 
bhxHl  serum,  and  coagulating  this  b}-  heat ;  and,  finally,  in  sUiining 
and  counting  the  bacilli  in  a  series  of  shdes  from  the  same  specimen, 
and  from  the  average  number  f(jnnd  in  a  single  drop  estimating  the 
total  number  in  the  sputum  for  twenty-four  hours. 

PaUiogenesis. — Man,  cattle,  and  monkeys  are  most  subject  to 
conti'iU't  the  disease  naturally,  and  it  may  be  communicated  by  in- 
oculation to  many  of  the  lower  animals— guinea-pigs,  field  mice,  rab- 
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bits,  and  cat-s  are  among  the  most  susceptible  animals  ;  and  in  Uirger 
doses  dijgs,  rats,  white  mitie.  and  ftjwls  may  aL*o  be  infecte<l. 

When  tul)orcutous  sputum  is  iotrtHluced  beneath  the  skin  of  a 
guinea-pig  the  nearest  l,\nnphatic  glands  are  found  to  be  swollen  at 
the  end  of  two  or  three  weeks,  at  the  sjune  time  there  is  a  thickening 
of  the  tissues  about  the  point  of  in<x'ulation  ;  later  a  dry  crust  forma 
over  the  local  tul>erculou8  tumefaction,  and  lieneath  this  is  a  flattened 
ulcer  covered  with  cheesy  material.  The  annuals  become  emaciated 
and  show  difficulty  in  breathing,  and  usually  succumb  to  general 
tuberculosis,  especially  involving  the  lungs,  within  four  to  eight 
weeks.     Injections  of  tul>ereulou8  sputum,  or  of  pure  cultures  of  the 
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i,  into  the  peritonpal  favity  give  rise  to  extensive  tubercmlo- 
the  liver,  spleen,  antl  luugs,  and  to  death,  as  a  rule,  within 
three  or  four  weeks.     Rabbits  are  less  susceptible  to  subcutaneous 
injections,  but  die  witliin  seventeen  to  twenty  days  when  \irulent — 
recent — cultures  are  injected  into  the  circulation.     As  a  result  of 
such  an  int)cuIation  the  animal 'apidly  loses  flesh  and  has  a  decided 
elevation  of  temjjerature,  commencing  at  the  end  of  the  first  week 
and  increasing  considerably  during  the  la?t  days  of  life.     At  the 
autopsy  the  spleen  and  liver  are  fi.umd  to  be  greatly  enlarged,  but 
they  do  not  contain  any  tubercles  that  cfin  be  recognized  by  the  nuked 
eye  (Tersin).     They  coutjun,  however,  great  numbers  of  tubercle 
Lliacilli,  both  free  and  in  the  cpIIs.     Injections  of  a  small  quantity  of 
a  pure  culture  into  the  anterior  chamber  of  the  rabbit's  eye  cause 
first  iris-tuberculosis,  followed  bj'  swelling  and  ciiseation  of  the  near- 
est lymph  glands,   and  finally  general  infection  and  death  ;  when 
larger  quautities  are  injected  general  tulx^rculosis  is  quickly  devel- 
oped.    The  influence  of  quantity — nuraJwr  of  bacilli — is  also  shown 
in  sulx^utaneous,  intravenous,  or  intrajwritoneal  injections  into  guiuea- 
]>ig3  and  rabbits  (Hirschberger,  Gebhardt,  Wyssukowitst-h).     Thus 
B  rabbits  which  received  less  than  one  hundred  and  fifty  bacilli,  in 
"^  sputum,  in  the  exjxsriments  of  Wyssejkowitsch,  did  not  develop  tuVver- 
culosis  ;  and  in  guinea-pigs  the  pniallHr  the  number  injecttnl  the  more 
H  protracteti  the  course  of  the  disease  was  ft)und  tu  Ix*. 
K       Tuberculosis  in  man  no  doubt  results,  in  a  large  proportiun  of  the 
^MMBes.  from  the  respiration,  by  a  susceptible  in<lividual.   of  air  con- 
taining the  tuben-le  l>twillus  in  sus{)ensicjn  in  a  desiccated  condition. 
As  already  stated,  it  has  been  demonstrated  by  experiment  that  the 
bacillus  retains  its  vitality  in  desiccated  sputum  for  several  months. 
The  experiments  of   Comet  have  demonstrated  that  in  the  dust  of 
apartments  occupied  by  tuberculous  patients  tubercle  bacilli  are  very 

t  commonly  present  in  sufficient  numbers  to  induce  tuberculosis  in 
^inea-pigs  inoculattnl  in  the  peritoneal  cavity  with  such  dust,  while 
negative  results  were  obtj^uned  from  inocidations  with  dust  from 
other  localities.  In  view  of  these  facts  the  usual  mode  of  infection 
is  apptirent.  Infection  may  also  occur  thi-ough  au  open  wound  or 
abnvsiou  of  the  skin,   as  in  the  small,  circuuiscribe<l  tumors  which 

IBujinetimes  develop  upon  the  luinds  of  pathologists  as  a  result  of 
handUng  tuliereulous  tissues.  A  few  instances  of  cVC^cideutal  inocu- 
lation through  womids  matie  by  glass  or  earthen  vessels  containing 
tuberculous  sputum  have  also  Ixjen  recorded.  A  more  common  mode 
of  infection,  especially  ia  children,  is  probalily  by  way  of  the  intesti- 
nal glands,  from  the  ingestion  of  the  milk  of  tubeii?ulous  cows.  That 
infection  may  iM-cur  by  way  of  the  intestine  has  l)eon  proved  by  ex- 
jjeriraents  ujKja  rabbits,  which  develop  tulierculosis  when  fed  upon 
29 
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tuberculous  sputum.  And  that  the  tubercle  bacillus  is  f»  ■ 
not  usually,  present  in  tho  milk  of  tuberculous  cows  has  i 
by  the  experiments  of  Bollinger,  Hirschberger,  Ernst,  and  otimtt 
In  Hirschberger  8  investigations  milk  from  tuberculous  cows  iudaoed 
tuberculosis  in  guinea-pigs,  when  injected  subcutaneously  or  into 
the  peritonefd  canity,  in  fifty-five  per  cent  of  the  ca«es  studied 
(twenty).  The  conclusion  is  reached  that  the  milk  niay  cuiitain  to- 
berele  bacilli  even  when  the  udder  of  the  cow  is  not  involved.  Erasi  i 
also,  frt>m  an  examination  of  the  milk  from  thirty-six  tiilierculaaft] 
cows  in  which  tho  udder  was  appareutlj'  not  involved,  found  tfaa 
tubercle  bacillus  by  microscopical  examination  in  five  per  cent  of  tbe 
samples  examined  (one  hundred  and  fourteen). 

The  prevalence  of  tuberculosis  among  cattle  is  shown  by  naoMV^ . 
OU8    investigations,   and   especially   by  the    official    inspectioaai  of 
slaughtered  animals  made  in  Germany.    Thus  in  Saxony,  in  tiMj 
year  1S89,  of  til  1,51 1  cattle  exsimined  i),l35  were  found  to  be  tubefCD- 
lous  (about  one  per  cent)  ;   in  Berlin,  1887-1888,  out  of  1.30,733  Ani- 
mals slaughtered  4,300  were  found  to  be  tuberculous  (3.2  per  cent). 
In  view  of  the  facets  stated  the  great  mortality  from  tubercular  dis- 
ea.ses  among  children,  many  *>f  whom  are  removed  from  oth«r  prob- 
able sources  of  infection,    is  not   difficult   to  understand,  and  tbd 
practical  and  simple  method  of  preventing  infection  in  this  war,  af- 
forded by  the  sterilization   (by  heat)  of  milk  used  as  food  for  in£uil>» 
must  conmicnd  itself  to  all. 


54.    BACILLU.S  TUBERCITL08W  GALLINARCM. 

The  researches  of  Maffucci  (1880)  and  of  Ctuiiot,  Oaberl, 
Roger  (1890)  show  that  the  bacillus  obtained  from  8}x>ntaneotti  I 
l>erculoHis  in  chickens,  although  closely  resembling  tbe  bacQIaS 
hunitui  tid^erculosis,  is  not  identical  with  it,  varying  esperiallr  ia  ill 
pathogenic  power.  This  view  is  sustained  by  the  obecrvatko*  </ 
Koch,  who  siiys  in  his  address  before  the  Tenth  Int«niAtit>ial  Meiii* 
cal  Congress  (Berlin,  1800) : 


"Tlie  care  which  it  is  nocessary  to  exercise  in  jud^n^  of  tb« 
which  serve  to  dilTerentiate  bacteria,  even  those  which  are  well  kaova.  I 
have  learned  iii  the  case  of  the  tubi-rule  bacillus  This  s|H.<cies  is  so  xlrthnMf 
characterized  by  its  stuiniofr  reiictions,  its^njwth  in  pure  cullura*.  aad  ia 
palhogeiiic  qualities,  and  indeed  by  each  of  these  charactcra,  that  it  ■■■• 
nupussibiu  to  confound  it  with  other  s|)eoics.  Neverthelea  in  thJa  et«ali» 
one  should  not  rely  upon  a  smgle  one  of  the  characters  mantioBed  fcr  *- 
ti-niii)iinK  tbe  s(>ecie8,  but  should  follow  the  safe  rule  that  aU  anikUi 
chiiniclci's  should  lie  considered,  and  the  identity  of  a  certaia  baclanaa 
should  ciiily  Ik)  regarded  as  deuionst rated  when  it  has  be4.'n  shown  toMlf^ 
spend  in  all  of  these  ptirliculars  When  I  made  my  first  rcsrarcboi  wilfc 
reference  to  the  tubercle  bacillus  1  was  contndled  by  i1ii«  i-.ilr,  maiimlfd 
tubercle  bacilli  from  various  souives,  not  only  with  n  >  IbeirihHa- 

ing  reactions,  but  also  with  reference  to  their  growth  .<  mrdis  »al 
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patliosreiiic  clianiclei's.  Only  in  the  tubertulosis  of  cliickeiis  I  was  not  able 
to  apply  Ibis  rule,  as  at  that  time  it  was  not  pt>ssible  for  me  to  obtain  frt-sU 
material  from  which  to  make  pure  cnltnrtis.  As,  however,  all  otlier  foi-nis 
of  tuberenlosis  had  friven  identical  bacilli,  and  the  bacilli  of  chiekeu  tuber- 
culosis in  their  appearance  and  behavior  towanls  the  aniline  colors  entirely 
correspi>ndeiI  with  these,  I  Ixdieved  myself  justitied  in  assuming  their  iden- 
tity, notwithstanding  the  incompleteness  of  the  research.  Later  I  received 
pure  cultures  from  various  source.s.  which  !i)iparently  originated  from  tuber- 
cle bacilli,  but  in  sevenil  regards  tUffered  from  these;  especisdly  in  the  fact 
that  inoculation  experiments,  nuide  by  experienced  and  reliable  investiffators, 
led  to  dissimilar  results,  which  it  was  necessary  to  regard  as  unexplained  con- 
tradictions. At  fii-st  I  believed  that  these  ditlerences  depended  upon  changes 
such  as  are  frequently  ol>served  in  pathoijenic  Ixicteria,  when  these  are  culti- 
vated in  pure  cultures  outside  of  the  body  fora  limff  time  under  more  or  less 
unfavorable  conditions.  In  order  to  solve  the  riddle  I  attempted  by  various 
influences  to  chaiig'e  the  co^nInon  tubercle  bacilli  into  the  ])resunied  variety 
referred  to.  They  wore  cultivated  for  several  months  at  so  hig-li  a  tempera- 
ture that  only  a  scanty  growth  was  obtained;  in  otlier  experiments  still 
higher  temperatures  were  allowed  to  act  repeatedly  for  so  long  a  time  that 
the  cultures  were  brought  as  nearly  as  possible  to  the  point  of  killing  the 
bacilli.  In  a  similar  way  I  subjected  the  cultui-es  to  tlm  action  of  chemical 
agents,  of  light,  or  absence  of  moisture;  they  were  cultivated  for  many  gen- 
erations m  association  with  other  bacteria;  inoculated  successively  in  ani- 
mals having  but  a  slight  susceptibility.  But,  in  spite  of  all  these  attemuts, 
onlv  slight  variations  were  obtained  in  their  characters — far  less  than  otner 
pathogenic  Iwicteria  undergo  under  similar  circumstances.  Itappears,  there- 
fore, lliat  tho  tubercle  Ixicilli  retain  their  characters  with  special  obstinacy; 
tliis  is  in  accoitl  with  the  fact  that  pure  cultures  which  have  now  been  cul- 
tivated by  nie  in  test  tubes  for  more  than  nine  years,  without  in  the  mean- 
time having  been  in  a  living  IkkIv,  are  .«itill  entirely  unchanged  with  the  ex- 
ception of  a  slight  diniinution  of  virulence.  .  .  .  It  happened  about  a  year 
ago  that  I  received  a  living  chicken  w-hich  waasutfering  fvom  tuberculosis, 
and  I  used  this  opportunity  to  make  cultures  diivctly  from  the  diseased  or- 
gans of  this  animal,  which  previously  I  had  not  tieen  able  to  do.  When  the 
cultures  grew  I  saw  to  my  surprise  that  they  had  precisely  the  appearance 
and  all  of  the  characters  possessed  by  the  enigmatical  cultiiresi-esembling 
those  of  the  genuine  tuber<-le  bacillus.  Lat«r  I  learned  that  these  also  ori- 
ginated fr-i>in  tubereulosis  in  fowls,  but,  upon  the  a-ssumption  that  all  forms 
of  tuberculosis  are  identical,  had  been  considered  genuine  tubercle  bacilli. 
A  verification  of  my  observations  I  find  in  the  recently  published  researches 
of  Prof.  Matt'ucci  with  reference  to  tuberculosis  of  fowls." 

According  to  Maffucci,  adult  chickens  are  refractory  against  the 
action  of  the  Biicilhis  tuberculosis  from  mnn,  and  there  are  slight 
morphological  and  biological  differences  in  the  bacilli  from  the  two 
sources. 

Cadiot,  Gilbert,  and  Roger  (1S91)  have  made  a  aeries  of  experi- 
ments with  the  bacillus  of  lulterculosia  in  fowls.  They  found 
the  bacilli  to  bo  very  numerous  in  the  livers  of  chickens  suflfering 
from,  spontaneous  tuberculosis,  and  inoculated  with  material  from 
this  source  six  cliickens,  five  rabbits,  and  twelve  guinea-pigs.  The 
chickens,  when  inoculated  in  the  cavity  of  the  abdomen  or  by  injec- 
tion into  a  vein,  died  in  from  forty-one  to  ninety-three  days  from 
general  tuberculosis.  Four  of  the  rabbits  died  of  general  tuberculosis, 
presenting  the  same  appearance  as  that  following  inoculation  with 
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bacilli  from  human  tuberculosis.  Of  the  guinea-pigs,  which 
inoculated  in  the  canity  of  the  abdomen,  eleven  remained  in  good 
health  and  one  only  died  of  general  tuberculosis.  These  experi- 
ments show  a.  decided  difference  in  the  pathogenic  properties  of 
tubercle  bacilli  from  the  two  sources,  for  the  guinea-pig  is  especially 
susceptible  to  tuljercidosis  as  a  result  of  similar  inocuLitions  with 
bacilli  from  hinnan  tuberculosis.  We  must  therefore  conclude  tlmt 
the  bacillus  found  in  sjiontaneous  tuberculosis  in  fowls  is  a  distinct 
variety  of  Bacillus  tubercidosis.  Wiiether  this  variety  would  caa<« 
tuberculosiH  in  man,  If  introduced  into  su.sceptible  subjects,  has  not 
been  determined  ;  and,  as  pointed  out  by  Koch,  this  question  can 
only  be  answered  in  the  affirniativo  if  it  shoidd  be  obtained  in  par* 
cultures  from  cases  of  hiumin  tuberculosis. 

Since  the  above  was  written  3Iaffucci  has  published  (1893)  an 
elaborate  memoir  upon  tuberculosis  of  fowls.  His  conclusions  ore 
stated  as  follows : 

"  The  bacillus  of  tuberculosis  in  fowls  is  diBtineuis)ie<l  frAm  that  of  tuber- 
culosis in  mtimnxala  by  the  following  }>oiiitji  of  diff«rence: 

"  1.  It  does  not  iiulueo  tubereulosis  iu  guiuea-pigs.  and  Beldoai 
general  tiibui-eulosis  iu  rabbits. 

"  2.  The  cultures  in  variousniedia  Iiavea  different appoAranoefrumthaae 
of  the  BacilluM  tuberculosis  of  luaiumals. 

"  3.  The  tompr?rature  at  which  it  develops  varies  between  SS'  and  45*  (X, 
and  tlie  thermal  death-point  is  70"  C. 

"4.  At  45"  to  BO'  C.  tlie  cultures  show  lonif.  thick,  and  bntnohed  formt. 

"  5.  The  bacillus  retains  its  vegetative  and  puthogeuic  powi-r  ut  the  enJ 
of  two  years. 

"  6.  This  bacillus  produces  a  substance  which  is  toxic  for  guinea-pi^  and 
is  but  slightly  toxic  for  grown  fowls. 

"7.  The  tuberculosis  produced  in  fowls  by  this  bacillus  is  without  in»cl 
cells."  '^ 

Additional  Xute.s  upon  the  Tubercle  Bacillus  (IftO.*;). — .Sev€iral 
authors  (Metschnikoff,  Czaplewski,  Fischel)  have  described  bronci)- 
ing  forms  of  the  tubercle  bacillus,  and  Lid)in.sky  (l)St'.5)  reports 
in  certain  media  it  grows  out  into  long  threads,  which,  howevcTr  I 
has  never  observed  to  be  branched.  The  media  used  by  him  are  «id 
to  give  a  more  abundant  growth  than  occurs  upon  glyc*»rin-i 
the  most  favorable  boiug  made  of  dtsh-peptone  agar,  or  f1«>sii-{)i 
bouillon,  cimtaiuing  four  per  cent  of  glycerin  and  mashed  {total 
one  kilo  of  tinely  chopf>ed  and  wa.shed  potato  to  fifteer»  buntlrralcul: 
centimetres  of  water ;  this  is  cooked  for  three  or  four  hours  and  lilt 
— to  the  filtrate  is  added  four  per  cent  of  glycerin;  one  and  •  half 
per  cent  of  agar  is  now  added  and  the  mixture  is  again  cooked  wid 
filtered. 

Jones  (1895)  has  observed  the  branching  forms  previoosb-  dr- 
scribeil  by  several  authors,  and  states  that  they  are  only  found  upon 
the  surface  of  culture  media  where  there  is  free  acoeae  ci  ozygva- 
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He  concludes  that  tbe  tubercle  bacillus  Joes  not  form  endogenoua 
spores,  sueh  as  are  found  in  varions  other  bacilli,  but  that  in  the  roils 
and  branched  filainenta  cert-ttin  objects  are  seen  which  are  probably 
reproductive  eteraenta,  and  which  closely  resemble  similar  bodies 
{"  Kolben  ")  seen  in  the  actinoniyces  fungus,  to  which  Jones  believes 
the  tubercle  bacillus  is  closely  related. 

Prudden  and  Hodenpyl  (185)1)  have  shown  that  the  injection  of 
dea<t  tubercle  bacilli  in  ral)bits  gives  rise  tu  the  development  of  nod- 
ules ill  tbe  lung  containing  epithetioitl  and  giant  cells^  but  that  these 
never  undergo  cjiseation.  This  fact  is  supiwsed  to  justify  the  infer- 
ence that  caseation  is  due  to  the  products  elaborated  diiring  the 
growth  of  living  tubercle  bacilli.  The  results  reported  by  Vissmann 
(18fl2)  correspond  with  those  reported  by  Prudden  and  Hodenpyl. 
Gamaleia  (lf<!l2)  has  alsji  obtained  nodules  with  epithelioid  and 
giant  cells  from  the  injection  of  dead  tubercle  bacilli,  but  in  bis  ex- 
periments he  also  found  caseation  of  the  nodules.  Baumgarten  sug- 
gests that  this  was  probably  due  to  the  fact  that  there  were  some  liv- 
ing tubercle  bacilli  remaining  in  the  cultures  which  he  injected. 

Loomis  (181>0)  and  Pizzini  (18!}"2)  have  sh(m7i  that  living  tubercle 
bacilli  are  not  infrequently  found  in  the  bronchial  glands  of  individ- 
uals wiio  present  no  evidence  of  tubercular  disease  of  the  lungs  or  else- 
where. Tbe  author  last  mentioned  inoculated  thirty  guinea-pigs 
with  the  bronchial,  mesenteric,  and  cervical  glands  of  thirtj'-  in- 
dividuals in  whom  death  was  due  to  accident  or  acute  disease,  and 
who  were  free  from  tuberculosis.  Twelve  of  these  thirty  guinea- 
pigs  developed  tuberculosis  as  a  result  of  the  inoculation. 

Straus  {1M'.I4)  has  found  tubercle  bacilli  in  the  nasal  cavities  of 
healthy  individuals. 

Ernst  (iH'.tS),  as  the  result  of  extended  researches  made  under  tbe 
auspices  of  the  Massachusetts  Society  fur  Promoting  Agriculture, 
has  arrived  at  the  following  conclusions  with  reference  to  the  pres- 
ence of  the  tubercle  bsicillus  in  the  milk  of  tuberculous  cows: 

"The  possibility  of  milk  from  tuberculous  udders  containing  the 
infectious  element  is  undeniable. 

"  With  tbe  evidence  here  presented,  it  is  equally  imdeniable  that 
milk  from  diseased  cows  with  no  appreciable  lesion  of  the  udder  may, 
and  nut  infrecjuently  does,  contain  tlio  bacillus  of  the  disease." 

De  Schweinitz  (l.S'.)4)  has  found  that  by  continued  cultivation  in 
an  artificial  medium  the  tuljtrclo  bacillus  l>ecomes  attenuated,  so  that 
when  inoculated  into  guinea-pigs  these  animals  give  no  evidence  of 
tubercular  infection  for  six  months  or  more.  And  his  experiments 
indicate  that  animals  winch  have  survived  mi  iuoculatiou  with  the 
attenuated  tubercle  bacillus  acquire  an  immunity  against  the  patho- 
genic action  of  virulent  cultures. 
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Anmnn  (Itias)  bas  given  in  the  Centralblatt  fiir  Bakteriologie 
(Bd.  xvii.,  ]*age  513)  a  detailed  account  of  his  methtnl  for  detnon- 
strating  the  presence  of  tubercle  bacilli  in  sputum  by  sedimentation. 
He  mixes  the  sputum  with  two  to  four  volumes  of  cold  distiUed 
water,  in  a  glass  cylinder  which  should  not  be  more  than  half  full. 
He  adds  one  cubic  ceutimetre  of  chloroform  and  a  small  i]uantity 
of  shot;  the  glass  cylinder  is  then  closed  with  a  nibber  cork  and  vio- 
leutly  shaken  for  some  minutes.     From  four  to  six  volumes  of 
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tilled  water  are  then  added  and  the  mixture  is  placed  in  a  V-fonned 
glass  tube  for  Betlimentation;  two  cubic  centimetres  of  carbol-fuchs 
Bolution  are  added  and  distributed  by  gentle  agitation  of  the  toba^ 
At  the  end  of  two  days  the  sedimentation  is  complete  and  tbe  stained 
bacilli,  cells,  connective-tissue  fibres,  etc.,  are  taken  up  with  a  pipette 
for  examination  under  tbe  micrusco].>e. 

56.   BACILLUS  LEPRAE. 

Discovered  by  Hansen  (1870),  chiefly  in  the  interior  of  tbo; 
round  or  oval  colls  found  in  leprous  tubercles.     Discovery  confimwd 
by  Neis.ser  (1870)  and  by  many  subst^ijuent  observers. 

While  found  chiefly  in  the  leprous  tubercles  of  the  skin  and  miioou 
membranes,  tho  bacilli  have  also  bc*eu  found  in  the  lymphatic  | 
the  liver,  the  sjjlecu,  the  testicles,  and,  in  the  amesthotic  funn  of  l 
dis<>ase,  in  the  thickened  jxirtions  of  nerves  involved  in  the  U 
]>rocess.  Some  observers  have  also  reportetl  finding  them  in 
blood,  but  this  appoai-s  to  bo  quite  eiceptionjil.  In  the  l«proiaa 
they  are  commonly  found  in  groat  numbers,  and  they  may  ako 
seen  in  the  lymph  spaces  outside  of  those  cells.  They  are  not  fooi 
in  the  epideraial  layer  of  the  skin,  but,  accorduig  to  Babets.  thev  nuiT 
l-ienetrate  the  hair  follicles. 

Morphology. — The  Imcillus  of  leprosy  resembles  the  un.   •  !•   '  > 
cillus  in  form,  but  is  of  more  uniform  length  and  not  so  fr.-.j  i-.i  •• 
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l^-iit  or  curved.  The  rods  have  {jointed  ends  ;  and  in  stained  pre- 
parations unstained  spaces,  similar  to  those  observed  ia  the  tubercle 
Ijacillus  anil  geiiL'rally  assumed  to  ho  spores,  are  to  be  seen,  although 
not  quite  so  distinctly  as  in  the  latter.  The  ba<:'illi  are  said  by  Flugge 
to  bo  from  four  to  six  fi  iu  length  and  less  than  one  ;<  in  %v'idth — 
probably  cimsiderably  less,  for  the  ssinie  author  states  that  the  tubercle 
bticillus  has  about  the  diameter  of  the  bacillus  of  mouse  septicaemia, 
and  this  is  given  as  0.2  it. 

This  bacillus  stains  readih"  Avith  the  aniline  colors  and  also 
by  Gram's  method.  Although  it  differs  from  the  tubercle  bacillus 
in  the  ease  with  which  it  takes  up  the  ordinary  aniline  colors,  it  re- 
sembles it  in  retaining  its  color  wheu  subsequently  treated  with 
strong  solutions  of  the  mineral  acids.  Double-stained  prepara- 
tions are  therefore  easily  made  by  first  staining  sections  or  cover- 
glass  i)rep{iratious  iu  Ziehls  carliol-fuchsin  sohition  or  in  an  aipieous 
solution  of  methyl  violet,  decolorizing  in  ju-id,  washing  in  alcohol, 
and  counter-staining  with  methj-lene  blue — or,  if  methyl  A-iolet  was 
u.sed  in  the  first  instance,  Avith  vosuvin. 

BiohMjical  Characters. — The  earlier  attempts  to  cultivate  this 
bacillus  Avere  Avithout  success,  but  recently  Bordoni-Uifreduzzi  has 
obtained  from  the  marrow  of  the  bones  of  a  leper  a  bacillus  which 
he  Ix'lieves  to  be  the  leprosy  bacillus,  and  which  be  was  able  to  culti- 
vate uix>n  blood  serum  to  which  a  cei-Uiin  amount  of  peptone  and  of 
glycerin  had  been  added.  At  first  this  bficillus  only  grew  with  diffi- 
culty and  in  the  incubating  oven  ;  but  after  it  had  been  cultivated 
artificially  tlirough  a  number  of  generations  it  is  said  to  have  grown 
upon  ordmary  nutrient  gelatin  at  the  room  tenij>erature.  The  biieillus 
obtained  ui  this  way  is  said  to  have  retained  its  color  when  tre.ited 
with  acids,  after  having  been  stained  with  anilino-fuchsin,  corresjKind- 
ing  in  this  respect  with  the  bacillus  of  lepros}'  and  the  tubercle  ba- 
cillus. But  it  iliffeied  considerably  in  its  morphology  from  the  Ba- 
cillus leprjeasseeu  in  the  ti.ssuesof  lepers,  being  considerably  thicker, 
and  it  was  not  so  promptly  stained  by  the  aniline  colors  as  is  the 
bacillus  found  in  the  tissues.  Moreover,  attempts  to  cultivate  the 
same  bacillus  from  leprous  tubercles  of  the  skin  were  unsuccessful, 
as  were  also  inoculation  experiments  into  the  anterior  chamber  of  the 
eye  in  rabbits.  It  is  theref«jre  a  matter  of  doubt  as  to  whether  the 
bacillus  obtained  by  Bordoni-Uffreduzzi  is  identical  with  that  present 
in  such  numbers  in  the  cells  of  the  leprous  tubercles,  to  which  the 
name  Bacillus  lepra?  has  lieen  given. 

Some  of  the  earlier  observers  described  the  bacillus  of  leprosy  as 
motile,  but  this  assertion  seems  to  have  been  based  upon  some  error 
of  observation,  and  it  is  now  generally  agreed  that,  like  the  tubercle 
bacillus,  it  is  without  proper  movements.     The  question  of  spore  for- 
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mation  has  not  been  definitely  settled.  As  before  remarke*!,  un- 
stained portions,  occurring  at  regular  intervals,  are  .seen  in  the  rods  in 
stiiined  prepuratioas  ;  but  uosjiti-sfuctory  evidence  has  been  presented 
to  show  that  the.se  are  truly  reproductive  spores. 

Pdthntjenesis. — The  inference  that  the  bticillus  above  described 
bears  an  etiological  relation  to  the  disea.se  >vitli  which  it  is  associatt^ 
is  based  upon  the  demonstration  of  its  constant  preeience  in  lepruus 
tissues — which  ha.s  now  been  repeiitedly  made  in  various  and  distant 
parts  of  the  world — fuid  of  its  absence  from  tlie  same  tissues  involvnl 
in  different  morbid  processes.  As  it  has  not  been  obtained  in  pun- 
cultures,  the  linal  projf  of  such  etiological  relation  is  still  wanting; 
We  have,  however,  experimental  evidence  to  show  that  leproua 
sues  containing  tliis  bacillus  are  infectious  and  may  reproduce  t 
djseaae.  The  exjDeriment  ha.s  l>een  made  upon  man  by  Aming, 
inoculated  a  condemned  criminal  subcutaneou-sly  \vith  fresh  lep 
tuliercles.  The  experiment  was  made  in  the  Sandwich  Islands, 
the  man  was  under  observation  until  his  death  occurre<l  from  le 
at  the  end  of  about  five  years.  The  first  manifestations  of  the 
V>ecame  \'iKible  in  the  vicinity  of  the  jx>int  of  inoculation 
months  after  the  experimental  introduction  of  the  infectious  ma' 

Positive  results  have  also  been  reported  in  the  lower  animals  hy 
Damsch,  by  Vossiu^s,  and  by  Melcher  and  Ortmann.  The  la^tt-oamed 
investigators  iuDculated  rabbits  in  the  anterior  chaml>»?r  of  the  fy« 
with  portions  of  leprous  tuberclei?  excised  for  the  purpose  from  a 
lejxjr.  The  animals  died  from  general  infection  at  the  end  of  seTcnJ 
months,  and  the  characteristic  tubercles  containing  the  b.'icillua  wtn 
distributixl  tlirough  the  vtxrious  organs. 

Wulters  (lb',);i)  who  has  made  numerous  inoculation  experinvebt^ 
and  bns  raatle  a  critical  review  of  all  the  recorded  experimental  evi- 
dence, arrives  at  the  conclusion  that  the  comparatively  small  nmnUer 
of  successful  results  rep<jrted  cannot  be  accepted  as  evidenoe  that 
leprosy  can  be  transmitted  to  the  lower  animals  by  inoculatioa.  H« 
believes  that  in  some  cases  the  tubercle  bacillus  litis  been  preeent 
the  material  inoculatetl  and  that  the  infectious  process  following 
ino<nilation  was  tulterculous  and  not  leprous.  In  inoculations  into 
the  anteric^r  chamber,  in  the  eyes  of  rabbits,  the  considerable  n 
of  bacilli  introduce<l  with  the  leprous  tissue  remain  and  retain 
Btaining  profxarties,  so  thnt  the  bacilli  originally  introduced  nni  f( 
in  the  leucocytes  of  the  inHammatory  exu«late  or  grajailation 
formed  as  a  result  of  the  introduction  of  foreign  mntorial.  VV( 
also  doubts  whether  the  few  successful  residts  reiK>rted  in  tlw 
vation  of  the  lepra  IwicilluH  are  trustworthy.  Ho  hns  nevor  aui 
iu  his  efforts  to  cultivate  the  bacillus. 
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5(3.    BACILLUS  MALLEI. 

Synonyms.— The  bacillus  of  glanders;  Der  HotzbaeilUis,  Oer.; 
Baeille  de  la  niorve,  Fr. 

Discovered  by  L(>ffler  and  Schiitz  (1S82),  and  proved  to  be  the 
cause  of  glfinders  by  the  succensful  inoculation  of  pure  cultures. 
Found  especially  in  the  recent  nodules  in  animals  infex'ted  with 
g^landers ;  also  in  the  same  after  ulceration,  and  in  the  discharge 
from  the  nostrils,  piis  from  the  8]>ecific  ulcers,  etc.  j  sometimes  in  the 
blood  of  inftH'tetl  aninialft  (Weichselbaum). 

Morphology. — Bacilli  with,  rounded  ends,  straight  or  slightly 
cuTA'ed,  rather  shorter  and  docidwlly  tkicker  than  the  tubercle  bacil- 
lus ;  usually  solitary,  but  rxjcasionally  united  in 
pfiirs,  or  in  filaments  contiituingsevei-al  elements 
(in  potato  cultures).  In  Btaine<l  preparations 
unstained  or  feebly  stained  spaces  are*  Bwm  in 
the  rods,  alternating  with  the  dii?ply  stained 
protojilasm  of  the  cell.  As  in  the  tubercle  l>;u'il- 
lus,  which  presents  a  similar  appearance,  tlicso 
spaces  have  been  supposed  by  some  biurteriolo- 
gista  to  represent  spores  ;  but  Loftier  believes 
tlieni  to  represent  rather  a  degeneration  of  the 
protoplasm.  Baumgarten  an<I  Rosenthal  claim 
to  have  demonstrated  the  presence  of  spores  bj'  the  use  of  Neisser'a 
method  of  staining,  but  they  do  not  consider  it  established  that  the 
unstained  spaces  in  the  nxls  referred  to  are  of  this  nature. 

The  glanders  bacillus  may  be  .staini'd  i^nth  a<]ueous  8oluti<ins  of 
the  aniline  colors,  but  the  staining  is  more  inteuso  when  the  sohititm 
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no.  liM.— Section  of  a  glanders  Dodule.    x  709.    (FlOgKe) 

made  feebly  alkaline.    Ad<l  to  three  cubic  centimetres  of  a  1 :  10,000 

solution  of  caustic  }K>tasb,  in  a  watcli  glass,  one  cubic  centimetre  of 

saturated  alcoholic  solution  of  an  aniline  color  (methylene  blue. 
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geiitinn  viulet  or  fuchain);  or  the  auiline-water-fuchsin,  or  meUivl 
violet  Bolution  of  Ehrlich  may  be  used,  w-ith  the  addition  just  l*- 
fore  use  of  an  etiual  ^luautity  of  1  :  10,000  solution  of  oiustic  fiotaah. 
L«5ffl(>r  riH'ouimcnds  that  cover-glass  preparations  be  placed  in  Ehr- 
lich's  solution  and  heat«d  for  five  minutos;  then  decolorized  in  aan» 
per-cent  solution  of  acetic  acid  to  which  sufficient  troptSolin  hM 
been  added  to  give  it  the  yellow  color  of  Rhine  wine  ;  then  quicldf 
washed  in  distilled  water.     This  bacillus  presents  the  pe*  if 

losing  very  <iuickly  in  decolorizing  solutiijiis  the  color  im^'  it 

by  the  aniline  staining  solutions.  For  this  reason  the  staining  of  th<r 
bacillus  in  sections  is  attended  ^vith  some  difficulty.  Loffler  r 
mends  hisalkalitie  niethylene-blne solution  for  i>ta.ining  section- 
for  decolorizing,  a  mixture  contiiining  ten  cubic  centinietre«  of  distiilwi 
water,  two  drops  of  strong  sulphuric  acid,  and  one  drop  of  a  five- 
per-cent  solution  of  o.\alic  acid.  Thin  sections  should  be  left  in  tliw 
acid  solution  about  five  seconds.  The  method  more  reoently  reoon)- 
mendod  by  Kuhne  also  gives  good  results  in  skilful  hands  (see  p.  W). 
Bioloyical  Characters. — An  aerobic,  non-motile,  partuitie 
bacillus,  which  may  be  cultivated  in  various  artificial  mtslia  at  a 
temperature  of  37"  C,  The  lowest  temperature  at  which  devrlop- 
ment  occui's  (22°  C. — Loffler)  is  a  little  above  that  at  which  nutrimt 
gelatin  is  Hiiuelicd  ;  the  highest  limit  is  43°  C.  According  io  FriaJvl. 
tlie  glanders  bacillus  is  a  facultative  anaeroliic.  Baumgarten  tad 
Rosenthal  claim  to  have  demonstrated  the  presence  of  sporw  bv 
Neisser's  luethiwl  of  staining.  Liiffler  was  led  to  doubt  the  (amH^ 
tion  of  sporos  from  the  results  of  his  experiments  u|»n  the  thtsnal 
death-ix)int  of  this  bacillus,  and  its  comparatively  slight  reidstaaiat 
to  desic<':ation  and  destructive  chemica,l  agents.  He  found  thates> 
posure  for  ten  minutes  t<i  a  temperature  of  55°  C,  or  for  five  mioiitoi 
tu  a  throe-  to  tive-jjt>r-cent  solution  of  carbolic  acid,  or  for  two  tnia- 
utes  to  a  1  :  5,(X)0  solution  of  mercuric  chloride,  was  eifectuul  in  <l^ 
Btrojung  its  vitality.  As  a  rule,  the  bacilli  do  not  grow  after  harii^; 
been  preserved  in  a  desiccated  condition  for  a  few  weeks  ;  and  in  a 
moist  cx>uditiou  the  cidtures  cannot  be  preserved  longer  than  thn* 
or  four  months — usually  not  so  long  as  this  (Loffler).  The  badfiu 
does  not  grow  in  infusions  of  hay,  straw,  or  horse  m;ii  mI  it  is 

doubtful  whether  it  finds  conditions  in  nature  favonn  ;tii  mf- 

rophytic  existence.  It  grows,  in  the  inculiating  ovon,  in  oMttnl 
bouillon,  in  nutrient  gelatin,  or  in  nutrient  agar,  and  ($till  better  >> 
glyceriti-agar.  Upon  the  last-mentioned  mediiuii  it  groMra,  ewm  1A 
the  room  temperaturo  (Knmzfeld),  but  better  still  in  the  incufaitiaf 
oven,  as  a  pale-white,  transparent  streak  along  the  line  of  inocolt- 
tion,  which  at  the  end  of  six  or  seven  days  may  liavo  n  width  of 
seven  to  eight  millimetres.      According  to  Raskina,  nutrient  ajpr 
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made  with  milk  fomis  an  extremely  favorable  nietlimu,  upon  which 
a  thick,  pide-whito  laj'er  develops  in  two  or  three  days,  which  on  the 
third  or  fourth  day  jicquires  an  amber-yellow  color,  gyid  the  deeper 
layers  ac(iuiro  a  brownish-red  tint. 

The  growth  upon  solidified  bluod  aenim,  in  the  coarse  of  three  or 
four  days  at  37"  C,  consists  of  yellowish,  transparent  drops,  which 
later  coalesce  into  a  ^^scid  layer,  which  has  a  tnilky  appearance  from 
the  presence  of  numerous  small  crystals  (Baimigarteu),  The  growth 
upon  cooked  potato  is  especially  characteristic.  In  the  incubating 
oven,  at  the  end  of  two  or  three  days,  a  rather  thin,  yellowish,  trans- 
parent layer  develops,  wliich  resembles  a  thin  layer  of  honey.  Later 
this  ceases  to  be  transparent,  and  the  amber  color  changes,  at  the 
end  of  six  to  eight  days,  to  a  reddish-brown  color ;  and  outside  of 
the  reddish-brown  layer,  wiih.  more  or  less  irregular  outlines,  the 
potato  for  a  short  distance  a<:'quires  a  greenish-yellow  tint. 

Pathogenesis, — Grlanders  occurs  principally  among  horses  and 
asses,  but  may  be  contracted  by  man  irom  contact  with  infected 
animals ;  it  hixs  also  been  communicated,  in  one  instance  with  a  fatal 
result,  by  subcutaneous  inoculation,  resulting  accidentally  from  the 
use  of  an  imperfectly  sterilized  hypodermic  syringe  which  had  pre- 
\'ioual}' been  used  for  injecting  cultures  of  the  bacillus  into  guinea- 
pigs.  The  field  mouse  an<l  the  guiuea-pig  are  especially  susceptible 
to  infection  by  experimental  inoculations  ;  the  cat  and  the  goat  may 
be  infected  in  the  same  way.  Lions  and  tigers  in  menageries  are 
said  to  have  contracted  glanders  from  Ijeiiig  fed  upon  the  flesh  of  ui- 
fected  animals  (Baumgartcn).  Ral>bits  have  but  slight  susceptibility, 
and  the  same  is  true  of  sheep  and  dogs  ;  swine,  cattle,  white  mice, 
and  common  house  mice  are  immune. 

The  etiological  relation  of  the  bacillus  is  fully  established  by  the 
experiments  of  Loffler  and  Schiitz,  confirmed  by  other  bacteriologists, 
which  show  that  pure  cultures  iujonted  into  horses,  asses,  and  other 
susceptible  animals,  produce  genuiiio  glaiulers.  The  disease  is  char- 
acterized in  the  etpiine  genus  by  the  formation  of  ulcers  upon  the 
nasal  :nucous  membrane,  which  have  irregular,  thickened  margins 
and  secrete  a  thin,  ■virulent  mucus  ;  the  submaxillary  h-mpbatic 
gland.s  l)ecome  enlarged  and  form  a  tumor  which  is  often  lobulateil ; 
other  lymphatic  glands  become  intlained,  and  some  of  them  suppurate 
and  open  externally,  leaving  deep,  open  idcers  ;  the  lungs  are  also 
involved  and  the  breathing  becomes  hurrie<t  and  irregular.  In  faroy, 
which  is  a  more  chronic  forni  of  the  same  disease,  circumscribed 
swellings,  varying  in  size  from  a  pea  to  a  hazelnut,  appear  on  differ- 
ent parts  of  the  btsdy,  especially  where  the  skin  is  thinnest  ;  these 
snpijurate  and  leave  an^y-li)oking  ulcers  wtli  ragged  edges,  from 
which  there  is  an  abundant  purulent  discharge.    The  8i>eciftc  bacillus 
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can  easily  be  obtained  in  pure  cultures  from  the  interior  of  suppural- 
ing  nodules  ami  glands  which  have  not  yet  opened  to  the  surfaofw 
and  the  same  material  will  give  successful  results  when  inoci; 
into  susceptible  animals.  But  the  tlischarge  from  the  nostrils  or  I 
an  open  ulcer  contains  comiKirattvely  few  l;)acilU  ;  and  as  theflei 
associated  with  various  other  bacteria  which  grow  mure 
tmr  culture  media,  it  is  not  easy  to  obtain  pure  cultures,  by  tho  ] 
method,  from  such  material. 

lu  the  guinea-pig  subcutaneous  inoculation  is  followed  in  four  or 
five  days  by  tumefaction  at  the  point  of  inoculation,  and  after  *  tttn* 
a  prominent  tumor  \vith  caseous  contents  is  developed  ;  uloer 
the  .skin  follows,  and  a  chronic,  purulent  ulcer  with  irre^^ular, 
rated  margins  results ;  after  a  tiuie  this  may  cicatrice.  Meenwfaib 
the  lymphatic  glands  become  involved,  and  the  symptoma  of  | 
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Tja,  lies,— ScctioD  tbrougb  a  KUoden  nodula  In  Uvar  of  flaid  iouuar.    TIimm  x  Wk.  >■■ 
X  60a    CBaumjfsrten.) 

infection  are  developed  at  the  end  of  four  or  five  weeks ;  the  ^tf^ 
suppurate,  and  in  males  the  testicles  are  also  involved  ;  finaUj  »  «- 
fuse  infljiramation  of  the  joints  occurs,  and  death  reeulta  from  «*• 
haustion.     In  the  guinea-pig  the  specific  ulcers  upon  the 
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cous  metubrane,  which  characterize  the  disease  in  the  horse,  are  rarely 
developed  to  any  great  extent. 

In  field  mice  general  infection  occurs  at  once  as  a  result  of  the 
subcutaneous  injection  of  a  Bmall  quantity  of  a  pure  culture,  and  the 
animal  dies  at  the  end  of  three  or  four  days.  Upon  post-mortem 
examination  the  principal  changes  are  found  in  the  liver  and  in  the 
greatly  enlarged  spleen.  Scattered  through  these  orgaiia  are  minute 
gray  pwints  which  are  scarcely  visible  to  the  naked  eye.  In  the 
guinea-pig,  which  succumbs  at  a  later  date,  these  nodules  are  larger 
and  closely  resemble  miliiiry  tul)ercle8,  both  macros<!<>pically  and 
under  the  microscope,  in  stained  sections  of  the  tissues.  Similar 
nodules  are  also  found  in  the  kidneys  and  iu  the  lungs  ;  they  have  a 
decidt'd  tendency  t^)  undergo  purulent  degeneration.  The  bacilli  are 
founil  principally  iu  these  nodules,  of  recent  f<>nnaiion,  and  are  com- 
monly associated  iu  groups,  as  if  they  had  been  enclosed  in  the  inte- 
rior of  a  cell  the  membranous  envelope  of  which  had  undergone 
degeneration  and  disiipjKiared. 

As  before  i-emarked,  it  is  not  an  easy  matter  to  demonstrate  the 
bacillus  in  sections  of  the  tissues  containing  these  nodules,  owing  to 
the  facility  with  which  they  lose  their  color  iu  alcohol  and  other  de- 
colorizing agents.  For  this  reason  it  will  be  best  to  deliytlrate  sec- 
tions by  the  use  of  aniline  oil  (Weigert's  method)  or  to  resort  to 
Kiilme's  method  of  staining. 

It  is  abio  ditficult  to  demonsti-ate  the  presence  of  the  bacillus  in 
nodules  which  have  undergone  purulent  degeneration,  in  the  secre- 
tions from  the  nostrils  of  horses  suft'ering  from  glanders,  or  in  tho 
l)us  from  the  8i>ecific  ulcers  and  suppurating  glands  ;  for  they  are 
j)re8ent  in  comparatively  small  numbers.  But  the  virulent  nature  of 
these  discharges  is  shown  by  incM::ulationg  into  guinea-]>igs  or  mice, 
and  it  is  easier  to  obtain  a  pure  cidture  from  such  virulent  material 
b\' first  inoculating  a  susceptible  auiimil  than  directly  by  the  plate 
method;  for  the  small  number  of  buoilli  present,  and  their  associa- 
tion with  other  bacteria  which  develop  more  rapidly  in  our  culture 
media,  make  this  a  very  uncertain  procedure.  For  establishing  tho 
diagnosis  of  glanders,  therefore.  Loftier  recommends  the  inoculation 
of  guinea-pigs  wnth  pus  from  a  Buppnratiiig  gland  or  idcer,  or  the 
nfisal  discharge  from  a  suspected  animal,  rather  than  a  direct  attempt 
to  demonstrate  the  presence  of  the  bacillus  by  >4taining  and  culture 
methods. 

The  method  proposed  by  Strauss  gives  more  prompt  results. 
This  consists  in  the  intraperit<tneal  injection  of  cultures  or  of  the 
suspected  prtnlucts  into  the  cavity  of  the  alxlornen  of  male  guinea- 
pigs.  If  the  glanders  bacillus  is  present  the  diagnosis  may  be  made 
within  three  or  four  days  from  tho  infectious  process  established  in 
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the  testicles.  At  the  end  of  this  time  tlm  scrotum  is  red  and  shininjj, 
the  epitlerniis  desc^uauiat'ea,  and  suppuration  occurs,  the  pua  soine>- 
times  perforating  the  integiimeut.  Thia  pus  is  found  to  contain  tlio 
glanders  bacillus.  Tlie  animal  usually  dies  in  the  course  of  twelve 
to  fifteen  days.  When  the  aaimala  are  killed  three  or  four  days 
after  the  inoculation,  the  two  layers  of  the  tunica  vaginalis  testis 
are  found  to  be  covered  with  a  i»urulent  exudate  containing^  the 
glandera  bacillus  and  to  be  more  or  le.ss  ax^lhei-ent.  Even  as  early 
as  the  second  day  the  tunica  vaginalis  is  seen  to  be  covered  with 
granulations. 

An  attenuation  of  virulence  occurs  in  cultures  whicn  have  been 
kept  for  some  time,  and  inoculations  with  such  cultures  may  give  a 
negative  result ;  or,  when  cousiilerable  quantities  are  injected,  may 
produce  a  fatal  result  at  a  later  date  than  is  usual  wlien  small 
amounts  of  a  recent  culture  are  injected  into  susceptible  animals. 

Kalning,  Preusse,  and  Pearson  have  obtained  from  cultures  of 
the  glanders  bacillus  a  glycerin  e.xiract  similar  to  the  crude  tubercu- 
lin of  Koch — mallein.  This,  when  injected  into  animals  suffering 
from  glanders,  gives  rise  to  a  considerable  elevation  of  temperature, 
an<l  it  is  used  as  a  means  of  diagnosis  in  cases  of  suspected  infection  in 
animals  in  which  the  usual  sj'mptoms  have  not  yet  manifested  theni- 
selves.  The  value  of  the  test  has  been  demonstrated  by  numerous 
ciiperiments. 

Bouome  (1804),  as  a  result  of  extended  researches,  arrives  at  the 
following  conclusions : 

"  1.  The  bacillus  is  found  not  only  in  the  diseased  tissTies  and 
purulent  discharges,  but  also  in  the  urine  and  milk  of  infected  ani- 
mals. 

"3.  The  bacillus  is  found  in  the  foetus  of  infected  animals  even 
when  the  placenta  is  free  from  any  pathological  change. 

"  3.  The  glanders  bacillus  is  very  sensitive  to  desiccjition  and  will 
not  grow  after  tjeing  preser^'ed  for  ten  days  at  25°  C 

"4.  In  distilled  water  the  bacillus  dies  out  in  six  da3-8. 

"5.  On  the  contrary,  when  protected  from  desiccation  it  resists 
a  comparatively  high  temperature — Tu°  C.  for  six  hours;  a  tem|»er- 
ature  of  90°  to  100°  C.  destroys  it  in  three  minutes." 

57.   BiV.CILLD8  OF   LUSTOARTEN. 


Sinto'ii/m. — Ryithilli.s  biicillus. 

Fmuid  by  Lnsltravt^n  (1884)  in  syphilitic  lesions  and  secretions  of  syphi- 
litic  ulcers,  and  iMjIieved  by  him  to  be  tlie  specific  infectious  af^nt  in  this 
disease.  No  siitisfactoiy  exijerimental  evidence  that  this  is  the  case  has  yet 
been  obtained. 

Moiphology. — Straiglit  or  curved  bacilli,  which  bear  considerable  resem- 
bliuicc  to  tubercle  biicilll,  but  differ  fi-oni  them  in  the  staining  reactions. 
They  are  u.siuilly  more  or  less  curved,  or  bent  at  a  .sharp  angle,  or  S-shap«l ; 
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Ihe  ends  often  ]>ri'siTit  slight  knob-like  swelliiifjn;  the  leiifrth  is  from  thive 
and  one  Jialf  ij  to  four  and  oiie-lmlf /i,  and  the  ritamptcr  is  from  0.2.')  to  O.S  //. 
With  u  liio;h  power  the  contouc  i.sseeu  to  l>e  not  •juit*'  repular,  but  wrvv  in 
outline,  iintl  brig-ht  shining  spaces  in  the  deeply  stained  nxls  may  l»e  ob- 
serv«Hl ;  these,  from  two  to  four  in  a  single  rod,  are  believed  by  Lust^arten 
to  be  spores.  The  bacilli  are  not  found  free  in  the  lissue-s,  but  are  enclosed 
in  cella  of  a  roujid-oval  or  i>olygonal  form,  which  ai-e  said  to  be  about  double 
the  size  of  a  white  blood  curpu.ijcle.  The  bacilli  are  not  numerous,  and  very 
coniniouly  only  one  or  two  are  found  in  a  single  cell,  but  groups  of  si.x  or 
eiglit  may  .sometimes  be  seen,  especially'  upon  the  mur(fiiis  of  a.  syphilitic 
lesion,  and  in  the  tissues  in  the  immediate  vicinity  of  the  inRltration,  which 
show  but  little  change  or  are  apparently  healthy  (Lustgarlen). 

The  presence  of  tTieso  bacilli  in  syphilitic  lesions  wiis  demonstrated  by 
Lustgarten  by  the  follow inj.' sfani/ny  methwi :  The  thin  sections  are  placeti 
in  the  Ehrlich-WeiKert  gentian-violet  solution  (one  hundred  parts  aniline 
water,  eleven  parts  saturalwl  alcoholic  .solution  of  gentian  violet)  for  from 
twelve  to  twenty  four  houi-s  at  the  rooni  teniijeratui-e.  and  two  hours  in  the 
incubating  oven  at  40"  C.  Tlie  seclion.s  are  then  thoroughly  washed  in  alco- 
hol and  placed  for  ten  seconds  in  a  l.fl-per-cent  solution  of  pota.ssium  per- 
manganate; in    this   solution  a  precipitate  of  peroxide  of  inangtuiese    is 
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Flo.  126.— Migrating  cell  oootalnliiKByphitia  bacilli.    CLuBtgtatea.) 

Fio.  127  —Pus  from  hard  cbancre containing  lyphlllB  bacilli     (LuatffarteD.^ 

formed,  which  aillitrr-s  in  the  section  ;  this  is  dissolveil  and  washed  off  in  a 
dilute  aqueous  solution  of  pure  sulphuric  acid;  the  sections  are  then  wa.slied 
in  water,  and,  if  not  completely  decolorized,  are  returued  for  a  few  seconds  to 
the  permanganate  solution  and  again  wa,shed  otl"  in  the  acid;  it  may  lie 
necessary  to  rejieat  thi.s  operation  til ree  or  four  times.  Finally  the  sections 
are  dehydrated  and  mounted  in  balsam  in  the  usual  manner.  Cover-glasii 
preparations  are  made  in  the  same  way,  except  that,  after  being  taken  from 
the  staining  solution,  they  are  washed  off  in  water  instead  of  in  alcohol. 

Another  method  of  stiiiiiing,  recommended  by  De  Giacnma,  ooiusist-s  in 
placing  the  sections  for  twenty-four  hours  in  aniline- water-fuchsin  solution 
(cover-glass  preparations  may  be  stained  in  the  same  solution,  hot,  in  a  few 
nnnuteti),  then  wa.shiug'  them  in  water,  and  decolorizing  in  a  solution  of  i>er- 
chloride  of  iron — first  in  a  dilute  and  then  in  a  satunitett  solution. 

The  method  of  staining  employed  by  Lustgarten  serves  to  differentiate 
Ikis  bacillus  from  many  otlier  microorganisms,  "but  not  from  the  tubercle  ba- 
cillus and  the  bacillus  of  leprosy,  which,  as  he  pointed  out,  may  be  stained 
in  the  same  way.  And  it  has  smce  been  shown  by  Alvarez  and  Tavel,  and 
by  Matterstock,  thatiu  smegma  from  the  pit-puce  or  the  vulva,  bacilli  are 
found  which  have  the  same  staining  reaction  and  are  similar  in  their  mor- 
phology to  the  bacillus  of  Lustgarten,    This  by  no  means  proves  that  the 
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smegma  ImcjilH  found  under  the  prepuce  of  healthy  persmis  are  ideutioal 
%vith  the  bacilli  found  hj' Lust^ararten  and  others  in  sections  of  tissues  in  vol  red 
ill  syphilouiatii.  In  the  absence  of  purecultures and  inoculation  expvnmvtiU 
it  is  imnossible  to  establish  identity,  however  similar  may  be  the  charatVPs 
referred  to.  Several  well  known  pathogenic  bacilli  resemble  quite  as  cl<:^>»>l» 
in  these  i>articulara  other  bacilli  which  Imve,  nevertheless,  been  diffen-ntiatej 
fronj  ihein  by  culture  and  inoculation  exjxritnents.  We  may  inpotim) 
especially  in  this  connection  the  bjieillus  of  diphtheria,  as  obtained  from  the 
pseudo-nieinbranotis  exudation  in  a  genuine  case  of  this  disease,  and  th« 
pseiido  di[)hlhoria  bacilli  found  bv  Roux  and  Yersin  in  the  fauces  of  lieuilthr 
children.  On  the  other  liarul,  since  it  has  been  shown  tliat  similar  b;*cilii 
are  common  in  preputial  snicgma,  we  cannot  attach  fjreut  ituiv)rtaiK"e  to  the 
linding  of  LuslKartfos  Imcillus  in  priinary  syphilitic  Borcs;  and  it  lias  not 
been  found  in  sutlicieul  numbers,  or  with  sutHcient  con.staucy.  by  thoae  who 
have  searclied  for  it  subsequently  to  the  publication  of  Lustg^nen's  invfv 
tig^tions,  to  pi  ve  strong  support  to  the  view  that  it  is  the  sjjeciflc  infoctioai 
agent  in  syphilis.  Baumg^teu,  who  has  searched  in  vain  for  LustKarlen's 
bacillus  in  uucoruplicated  vi.sceral  sypiiilomala,  suggests  that  the  bacilli, 
found  occasionally  in  such  lesions  were  perhaps  tubercle  bacilli  and  r*pr 
sented  a  mixed  infection.  As  the  bacillus  under  consideration  has  noC  i 
obtained  in  cuhures,  we  have  no  information  as  to  its  biological 
and  pathogenesis. 

THE   SYPHILIS   BACILLUS   OP  EVE   AND   UNGARD. 

Eve  and  Lingartl  (18f^fi)  report  that  they  have  obtained  in  cultures  from 
the  blood  and  diseased  tis.sues  of  syphilitics  who  have  not  uudergnn<>  rorr- 
curial  treatment,  iKicilH  which  in  their  form  and  (liinensions  re> 
tubercle  bacilli,  but  which  stain  it'a<Hly  by  the  common  aniline  <  I 

by  Clrain's  nielliod,  and  are  not  sUiined  by  Lustgarten's  method.      Inri  _■■..* 
readily  upon  solidilied  blood  serum,  forming  a  thin,  pale-yellow  or   linivtn* 
ish-yellow   layer.     Inoculations  of  pure  cultures  into  apes  were  wit 
result.     The  negative  results  which   have  attended  the  culture  experii 
and  microscopical  examinations  of  the  blood  and  diseased  tissues,  mad 
many  competent  bacteriologists  in  other  parts  of  Europe,  make  it  mf 
probablethat  the  biicilli  described  by  the  English  investigators  uiuxwd  ' 
to  some  saproohytic  species,  and  tliat  they  are  not  usually  pn!«eat  in  ( 
mata  or  the  blm^d  of  syphilitic  patients. 

MICROCOCCI  OP  DISSB  AND  TAOUCHI. 

Dia.se  and  Tagucbi  (1886)  chiim  to  have  obtained  from  Die  blood  oft,, 
litics  micrococci  whicli  they  were  able  tocultivate  in  artiHci.i!  '  '  aC' 
to  40'  C,  and  which  formetl  on  the  surface  of  such  media  ;i 
layer  consisjting  of  diplococci  which  are  motile  and  of  larger  m<»>....ii.3j.tx)ccL 
The  diplococci  are  said  to  originate  from  division  of  the  larger  «N>wi.  Inocu 
lations  into  rabbit.s,  dogs,  and  sheep  gave  rise  to  chronic  iiiteretitial  "f^H^n- 
matory  pi-ocesses  in  the  lungs  and  liver,  to  granulomsta  in  wiousoisa  ^ 
and  to  fatty  degenerative  changes  in  the  walls  of  the  arteri«w.  whi.-h  ia 
opinion  of  the  authors  numed,  correspond  with  the  pathol- 
produced  by  syphilitic  !nfe<!tion  in  man.     We  remark,  with  n  tol 

BuppoS4Mi  etiologiaii  relation  of  this  coccus,  that  ba<'teriolo^isu  tn 
have  not  confirmed  the  authoi-s  named  as  to  the  presence  of  thia  mr 

in  the  blood  of  syphilitics,  and  that  the  miermroccusof  progiTsc>iveffnuitL 

formation  described  by  Manfrwli  produces  similar  iwl  ho  logical  cnangw  : 
inoiviilated  animals;  also  that  there  is  no  evidence  that  the  tttiimals  < 
mented.  upon  are  subject  to  syphilitic  infection. 

BACILLUS   OP  OOLASZ. 

Gk)la.>«  (1894)  has  published  in  the  Comptes  Rendus  of  the  Frvadi  ^ 
emy  a  desK^ription  of  a  "[xjlymorphous  microbe,"  which  kc  clainMI  lo  1 
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first  discovered  in  1888  i»  sj-philitic  vegetations,  and  subspciuently  to  have 
cultivate  from  the  blocKl  of  sypliilitic  patientH,  in  a  culture  medium  consist- 
ing of  nuclein  from  the  spleen  of  persons  free  fi"om  syphilitic  infection. 

68.    BACILLUS   OF   RHIN08CLER0MA. 

First  observed  by  VonFrisch  (1882)  in  tlienewlv  formed  tubercles  of 
rhinoscleroma.    Cultivated  by  Pitltauf  and  Von  Eiselberg  (I8Si5). 

Rhinoscleroiiia  is  a  chronic  atfectioii  of  the  skin,  and  especially  of  the 
mucous  membrane  of  the  uares,  which  is  char.'icterized  by  the  formation  of 
tubercular  tliickcnin^  of  the  skin  and  tumefaclioii  of  the  njiaal  mucous 
membratie.  followed  sometimes  by  ulceration.  It  prevails  in  Itiily,  Austria, 
and  to  aslijfht  extent  in  some  parts  of  G-ermany.  Pathologists  peuerally 
regard  it  as  an  infectious  process,  although  thijj  has  not  been  proved. 

The  bacilli,  first  descriloed  by  Von  Frisch,  appear  to  be  constajitly  present 
in  the  newly  formed  tubercles.     They  are  commonly  found  ui  certain  large 


Flo.  128.— BacUluB  of  rfainoscleroms  in  lymphatic  reasela  of  the  superflci&l  p«rt  of  tumor. 
'•  I.SOO.    (Comll  and  Babes  ) 

hraline  cells  i)eculiar  to  the  disease,  and  may  also  be  observed  in  the  lym- 
pliatic  vessels  or  scattei-ed  about  in  the  involved  tissues, 

Morpholog}). — Short  bacilli  with  rounded  ends,  usually  united  in  pairs, 
and  surrounded  by  a  gelatinous  capsule  resembling  that  of  Friedlunder's 
bacillus.  According  to  Eiseiiberg,  the  bacilli  are  two  to  three  times  as  long 
as  broad,  and  may  grow  imt  into  filaments. 

These  bacilli  dtain  readily  with  the  aniline  colors  and  by  Gram's  method. 
Tlie  capsule  may  be  demonstrated  by  the  mellioda  usually  employed  in  stain- 
ing Friedliinder'a  bacillus,  or  by  tlie  following  methcHl  which  is  esfiecially 
recommended  by  Alvarez:  The  e.vcised  portions  of  tissue  involved  in  ths  dis- 
ease are  placed  for  twenty-four  hours  in  a  one-percent  solution  of  osmic 
acid  and  then  in  absolute  alcohol.  When  properly  hai-dened  thin  sections 
are  made;  these  are  stained  in  a  hot  solution  of  aniline-water-methyt-violet 
for  a  few  minutes,  and  then  decolorized,  by  Gram's  method,  in  iotline  so- 
lution. 

Biological  Characters. — Aa  aerobic,  non-motile,  non-liquefying  bacillus 
(facultative  anaerobic  ?). 

In  gelatin  slick  cultures  the  growth,  resembles  that  of  Friedliindor's  l)a- 
cillus — I.e.,  a  nail-like  gi*ovvlh,  consistino- of  densidycroivded,  opaque  colonies 
along  the  line  of  puncture,  and  a  lica|M!a-up,  white,  glistening  mass  \\\mn  the 
surface,  hemispherical  in  form  and  viscous  in  consistence.     Upon  gelatin 

Slates  yellowish-white,  spherical  colonies  are  developed  within  two  or  three 
ays,  which  under  the  microscope  are  seen  to  be  granular.    Upon  potato  a 
cream-like  growth  occurs  along  the  line  of  inoculation,  which  is  white  or 
30 
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yellowish-white  in  color,  and  in  vvliich  gas  bubbles  may  be  developed.  IV 
v<.')<jpinent  is  mast  rapid  at  a  temperature  of  35°  to  3S',  but  also  occurs  at  the 
rc>uui  f,em]wniture. 

Pathogenesis.— Thfi  etiolog'ical  relation  of  this  bacillus  to  tho  disrs^se  with 
which  it  is  assfK-iated  lias  not  been  established.  It  is  pathogenic  for  rnio* 
nnd  for  puinea  pi;rs.  1«"S3  so  for  rabbits;  in  this  regard,  as  in  its  raorphol.i^ 
iind  ffrowth  in  various  culture  media,  it  beiirs  a  close  resemblance  lu  Kriiil- 
lander's  bncillus,  wliich  is  also  found  not  infrequently  in  the  nasal  secretioot 
of  healthy  porsons  and  in  those  suH'erinjj  from  chronic  nasal  catarrh  or  ossn^ 

The  principal  points  of  dilfereuce,  as  pointed  out  by  Baum^rten.  ate  »i 
follows:  The  bacillus  of  rhinoscleroma  is  usually  more  decidedly  rod-sha|wd 
than  Friedliindor's  bacillus.  aUhouLfh  both  may  be  of  so  short  an  oralas  to 
resem!)le  micrococci.  The  firsl-meiitioried  bacillus  consUmtly  present*  tb» 
apjiearance  of  beinsj  Burrnuntleit  by  a  transparent  capsule,  even  inthecal- 
tuj-es  in  arlilicial  media,  while  Friedlauder's  bacillus  in  .such  media,  does  but 
usually  present  this  ap[)earance.  unless  as  a  result  of  s[>ecial  traatmenL 
Filially,  the  bacilUw  of  rhinoscleroma  may  retain  its  color,  in  i>artatlea<. 
when  treated  by  Grram's  metliod,  while  Fnedliiiuler's  bacillus  iAcomuIrtelr 
decolorized  when  placed  in  the  iodine  solution  employed  in  this  i 

Notwilhatanditijr  these  points  of  ditference,  Baumgurtun  is  i  Ir 

satisfied  that  this  bacillus  is  a  distinct  species,  and  several  b.i 
have  maintained  that  it  is  identical  witb  the  bacillus  of  Friedlaor 
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Obtained  by  Koubasofl"  (1S89)  from  new  growths  io  the 
person  who  died  of  cancer  of  tlie  sloujach. 

Mnrpholog)/. — Bacilli  witli  r<)utid  eruls,  or  with  one  end   pf»iii'    ' 
threv  liiues  an  long  as  the  tubcrelii  bacillus  aud  three  or  four  tin.       . 

ataim  readily  with  the  aniline  colora. 

Biological  dharactefs. — An  aSrofnc  and  facultative  anafrrtbie, 
liqtwfi/i^ig,  motile  bacillus.  Forms  spores  in  the  centre  of  the  nxlsu  On>« 
in  the  usual  cultm-e  media  at  the  room  temi>orature,  more  rjtpidly  at  56  ('. 
In  slick  cultures  in  glycerin-gi'hitin  the  g-rt>wth  re.sembl*i«at»  in«'efiedsMlK>' 
scop*;;  at  tlio  surface  a  ciix^ular,  bluish  membrane  is  fonin-d,  which  b  <k- 
pi-essed  iu  the  form  nf  a  funnel,  while  alon^  the  line  of  puncture  i»  aknd*. 
yellowish,  jagged  column  is  develoj>ed.  Upon  (liiar,  at  36*  C,  a  bhdib* 
white  layer  is  quickly  dev«^lopeil.  Upon  potato  the  firrowlh  reeembleB  Ital 
of  the  typhoid  bacillus  at  iirst;  later  a  gninular  inembr;«ne  is  formed;  oodtf 
a  low  iK)wor  tlie  grauutus  apncar  to  be  formed  of  intertwined  iiiii—e  of  fila- 
ments.    The  growth  upon  mood  serum  is  similar  to  that  upon  agar. 

I'athogi'iiesia. — Subcutaneous  injections  in  guinea-pigs  cause  their  dsslii 
in  one  to  two  weeks,  in  rabbits  in  one  to  two  months,  m  cala  and  doe* n 
two  nioiiths  or  more.  Death  occurs  in  a  shorter  time  in  animals  which  mt* 
been  fed  upon  cultures  than  as  a  i-esult  of  subcutanoous  injvctiuuaL  lb* 
animals  become  very  much  cm:iciated  and  have  jwralvais  of  the  vphilwlBr 
muscles.  At  the  autopsy  Hat  or  ntiduiar  elevations,  wliich  are  ofteo  iiic»- 
rsited,  are  seen  here  and  there  upon  the  mucous  membrano  of  the  stooiaah 
and  intestitio;  the  mesentery,  especially  of  the  small  intestine,  in  hvp««ra-niir 
tlie  mesi'uteric  glands  are  swollen,  as  are  also  the  inguimtl  glands.  In  lb" 
liver  and  sometimes  in  the  ovary,  uterus,  and  spleen  larg^sr  ur  smalkr  twi- 
ules  are  seen. 

GO.    BACILLUS  OF  NOCARD. 

Obtained  by  Nocard  (1888)  from  pus  collected  from  the  snp«r6eial  ^ 
Bceaaes  in  cattle  sulfering  from  a  chronic  infectious  diaeoMo  which  pfVfvls 
especially  upon  the  island  of  Guadaluupe — known  as  "  faruiu  du  iMtaf*; 
Oer.   "  Vvurmkrankheit." 

Morjiliology. — A  long  and  slender  bacillus,  about  as  thick  as  the  bantliB 
of  rijugot  (Bacillus  murisopticus);  tisually  seen  in  tangled  iiimsw  Trtlh"*! 
consist  of  an  opaijue  central  portion  surrounded  by  long^  flluiieul% 
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apiwrently  pi \'c  off  lateral  ramififatifms.  (This  tiesrriptioji  of  <hf  ]iiof|ihi>l- 
ogy  gives  riso  to  tlio  suspiciim  tluit  tlia  mioriKic^aaisin  described  by  Nocard 
is  a  microscopic  fungus  rather  than  a  biailLus.)  Aceordiuij- to  Nocard,  the 
braiichiug  is  more  appaiMjat  than  real,  and  is  ia  fact  a  false  aichutomization, 
such  as  is  seen  in  the  genus  Cladol  hrix. 

Stains  l>est  by  Weigerl's  method ;  Ls  decolorized  by  Gram's  method.  Does 
not  stain  readily  with  most  aniline  colors. 

Biological  Characters. — Au  aerobic,  non-motile  bacillus,  which  does 
not  grow  in  nutrient  gelatin  at  the  i-oom  teiiipei-ature.  Grows  in  the  usual 
culture  media  at  a  temperature  of  3I>  to  4l>  C  Forms  small  oval  spores. 
Is  destroyed  in  ten  minutes  by  a  temperature  of  70  U.  Upon  the  surface 
of  agar  it  forms  irregular,  opaque,  yetlowish-wliite  colonies,  which  are 
thickest  at  the  margin,  have  a  dull,  misty-lookiug,  mammillatod  surhice, 
and  after  a  time  become  continent,  forming  a  thick,  wrinkled,  niumbraimus 
biyer.  Upon  potato  development  is  Ripiil  in  the  iform  of  pix)niiuent,  dry, 
pale- yellow  plaques.  In  himiilon  whitish  llcK-eult  are  formed,  most  of  which 
fall  to  llie  Ixjltom,  while  .some  llt>at  upon  the  surface,  where  they  fnrni  dry, 
dust  v-lo<  iking,  rounded  pellicles  of  adiny-gray  color  with  agreenisli  retleclion. 

Ptitlu/f/etuisrs. — The  guinea-pig  is  the  most  susceptible  ajiitnal.  Wlien 
injected  into  the  peritoneal  cavity  of  one  of  these  animals  it  protluce.s,  in 
from  nine  to  twenty  days,  lesions  which  closely  resemble  those  of  nuMiary 
tuberculosis.  At  the  autopsy  the  peritoneum  is  found  to  be  covered  with 
nodules,  in  the  centre  of  which  the  bjicillus  is  found  in  tangled  raas.ses;  the 
liver,  spleen,  kidneys,  and  intestine  are  also  studded  with  pseudo-tul^rclfs, 
but  these  are  only  found  in  the  peritoneal  coat  and  not  in  the  parenchynui 
of  the  various  organs,  or  in  the  organs  uf  the  thoracic  cavity.  Intravenous 
injections  give  rise  to  lesions  similar  to  those  of  general  nuliary  tuberculo- 
sis, the  organs  generally  containing  a  considerable  number  of  nodules,  in 
the  centre  of  which  tufts  of  bwiilli  are  found.  In  cattle  and  sheep  similar 
lesions  result  from  intravenous  injections,  but  without  causing  the  death  of 
the  animal.  The  dog,  the  cat,  the  Iioi-se,  tlie  ass.  and  the  nxbbit  are  imnmne. 
Sulx-utaneous  inoculations  in  guinea  iiigs  produce  an  extensive  local  abscess, 
followed  by  a  chronic  iudur.ition  of  tlie  neighboring  lymphatic  glands. 
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BACILLI  WHICH  PRODUCE  SEPTICEMIA  IX 
SUSCEPTIBLE  ANIMALS. 

When,  as  a  result  of  accidental  (natural)  or  experitnental  inocak 
tion,  a  microorganism  is  intnxluced  into  the  body  of  a  suiKvptibld 
■  animal  which  is  able  to  raultiplj'  in  its  blix>d,  producing  a  guneral  in- 
fection, we  Bpeak  of  this  general  blood  infection  as  a  septicemia. 
"WTien  pathogenic  microorganisms  which  are  unable  to  multiply  in 
the  blotxl  establiah  themselves  in  some  particular  locality  in  the  ad* 
nial  body  which  is  favorable  for  their  growth,  and  by  the  fonnatiaB 
of  toxic  products,  which  are  absorbed,  give  rise  to  ^neral  symptoms 
of  poisoning,  we  designate  the  affection  tozceniia.  Aa  examples  ot 
this  mode  of  pathogjeaic  action  we  maj'  mention  diphtheria  and 
tetanus.  As  a  rule,  the  various  forms  of  sopticaBmia  are  qoidclr 
fatal,  and,  as  the  microorganisms  to  which  they  are  duo  moltiiJy  in 
the  blood  of  the  infected  animal,  this  fluid  possesses  infectious  pro- 
perties, and,  when  inoculated  in  the  smallest  quantity  into  «noriu* 
susceptible  animal,  reproduces  the  same  morbid  phenomena.  A  typi- 
cal example  of  this  class  of  diseases  is  found  in  antlirax,  to  which 
disease  a  Bjjecial  section  has  already  Ijeen  devoted  (VII.).  But  ia 
this  and  other  forms  of  septicaemia  subcutaneous  inoculations  do  not, 
as  a  rule,  resxilt  in  the  immediate  invjision  of  the  blood  by  the  pan^ 
sitic  microorganism.  Often  a  local  inflammatory  process  of  oonsidtf^ 
alile  extent  is  first  induced  ;  and  in  some  cases  general  infection  ooly 
occurs  a  short  time  before  the  death  of  the  animal,  depending,  per- 
haps, uj)on  a  previous  toxemia  from  the  absorption  of  t*iiic  prodnrta 
developed  at  the  seat  of  local  infection.  The  pathogenic  action.  tij«n, 
in  acute  forms  of  septicaemia  appears  to  result,  not  alone  from  lbs 
presence  and  multiplication  of  the  pathogenic  microorg^anism  in  tiie 
blood,  but  also  from  the  toxic  action  of  products  evolved  during 
growth. 

Some  of  the  pathogenic  bacilli  of  this  class  now  known  to  bafr> 
teriologists  have  been  discovered  by  studj-ing  the  infectious  dlMMBB 
induced  by  them  iu  lower  animals  among  which  these  diqo— «  pfC- 
vail  naturally — i.e.,  independently  of  human  interference.    lUay 
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more  are  kno>vii  to  us  from  ejrperiments  made  in  pathologici\l  labora- 
ttjriea,  in  testing  by  inoculations  into  animals  bacteria  obtained  from 
various  sources,  with  rofereiice  to  tlieir  pathogenic  power.  Wo  in- 
clude in  this  group  only  those  bacilli  which  induce  fatal  septicTemia 
in  susceptible  animals  when  iiijected  into  the  circulation  or  sub- 
cutancously  in  a  comparatively  small  quantity — e.g.,  less  than  half 
a  cubic  centimetre  of  a  bouillon  culture. 

(il.    BACILLUS   SEPTIC^EMIvE  HJEMOKRHAGICiE. 

Synonyms. — Bacillus  of  fowl  cholera ;  Microbe  du  cholera  des 
poules  (Pasteur);  Bacillus  cholene  gallinarum  (Fliigge);  Bacillus der 
Hiihnercholera ;  Bacillus  of  rabbit  septicaemia  ;  Bacillus  cuniculi- 
cida  (Fliiggo)  ;  Bacillus  der  Kaninchenseptikamie  (Koch)  ;  Bacillus 
der  Rinderseucbe  (Kitt)  ;  Bacillus  der  Schweineseuche  (Loffler  and 
Schutz)  ;  Bacillus  der  Wildseuche  (Hueppe)  ;  Bacillus  der  Biiffel- 
seuche  (Oreste-Armanni)  ;  (Bacterium  of  Davaine's  septicieraia  ?) 

It  is  now  generally  admitted  by  bacteriologists  that  Koch's  ba- 
cillus of  rabbit  septiciemia  (1881)  is  identical  with  the  bacillus 
("micrococcus")  of  fowl  cholera  previously  described  by  Pasteur 
(1880).  The  similar  bacilli  found  in  the  blood  of  animals  deait  from 
the  infectious  diseases  known  in  Germany  as  Wildseuche  (Hueppe), 
Rinderseuche  (Kitt),  Schweineseuche  (Schutz).  and  Buffelseuche 
(Oreste-.Vrmanni)  appear  also  to  be  identical  with  the  bacillus  of 
rabbit  septicaemia  and  fowl  cholera.  This  \new  is  sustained  by 
Huep|>e  and  by  Baiungarten,  and  by  the  comimrative  researches  of 
Caneva  (IS'Jl)  and  of  Bunzl-Federn  (18".il). 

This  is  evidently  a  A^ddely  distributed  pathogenic  bacillus  ;  it  was 
obtained  bj'  Koch  from  rabbits  inoculated  -with  pu- 
tref^'ing  flesh  infusion,  by  GaflFky  from  impure  river 
water,  and  by  Pasteur  from  the  blood 
ing  from  the  infectious  disejiso  knowi 

cholera  des  ponies.  It  is  not  infrequently  iuluiu  m  •v-d^',»i 
putrefying  blood,  and  its  presence  in  the  salivary  *»vj  *#•  • 
secretions  of  man  has  occasionally  been  demonstrated     p^^  ^^  -  Baciiuw 

(Baiungarten).  Bepllcnpmto   beemor- 

With  reference  to  the  American  smne  plague  ;^''f'*bbii'''y  m 
"described  by  Salmon  and  Smith,  we  are  infonned  by  (UaumKarten.) 
Smith,  in  his  most  recent  pulilication  upon  the  subject  ■ 
{Zeitschrift  fiir  Hygiene,  Band  x.,  page  -tt);?),  that  cultures  of  the 
German  Schweineseuche  biicillus,  received  from  the  Berlin  Hygienic 
Institute,  compared  \\'ith  his  cultiu-es  from  infected  swine  in  this 
country,  agreed  in  all  particulars,  except  that  the  former  were  de- 
cidedly more  pathogenic  for  swine  and  for  rabbits. 

It  appears  extremely  probable  that  the  form  of  septicaemia  studied 
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by  Davaine  (1873),  which  he  induced  in  the  first  instance  by  inject- 
ing putrid  ox  blood  into  rabbits,  was  due  to  the  same  ftathogenic  ba- 
cillus. The  writer  obtained  this  bacillus  (1887)  in  Cuba  from  thflj 
bloo<l  of  rabbits  infwulatcfl  with  liver  tissue  taken  from  a  yellow- 
fever  cadaver  and  kept  for  forty-eight  hours  in  an  antiseptic  wrap- 
ping. The  name  which  we  have  a<lopted  is  that  propoeed  by  Hueppe 
for  the  form  of  septicaemia  to  which  it  gives  rise^' '  Septi kamia ' 
h&niorrhagica. " 

Morpholofjif. — Short  bacilli  with  rounded  ends,  from  O.C  to  0," 
}i  in  diameter  and  about  1.4  /i  long;  sometimes  united  in  pairs,  OT' 
in  chains  of  three  or  four  elements.     In  stained  preparations  the  ei- 
tremities  are  usually  stiunod,  while  the  central  portion  of  the  rod 
remains  unstained.     This  ''  end  stsiining"  causes  the  rods  to  prwentf 
the  appearance  of  diplococci  when  examined  with  a  comparatiTe^j 
low  power,  and  some  of  the  earlier  observers  described  the  inicrofir> 
ganism  under  consideration  as  a  micrococcus.    It  is  qmckly  stained 
by  the  aniline  colons  usually  employed,   but  loses  its  color  what 
treated  by  Gram's  method. 

Biological  Characters. — A  non-motile,  aerobic,  nort -liquefy- 
ing bacillus.  Does  not  form  spores.  Grows  in  various  culture  media 
at  the  room  temperature,  but  more  rapidly  at  35"  to  37''  C. — thn 
lowest  terajjerature  at  which  development  occurs  is  about  13°  C. 
Although  this  is  an  aerobic  bacillus  and  a  certain  amount  of  ozjgcn 
is  necessary  for  its  development,  it  appears  to  grow  better  when  Hnti 
amount  is  somewhat  restricted  than  it  does  on  the  surface  of  nutricoil 
media. 

Upon  gelatin  plates,  at  the  end  of  two  or  three  days,  small, 
white  colonies  are  developed  upon  or  near  the  surface ;  these  mn , 
finely  granular  and  spherical,  with  a  more  or  less  irr^^uLar  outline^  | 
and  by  transmitted  light  have  a  yellowish  color  ;  later  the  oentnl) 
portion  of  the  colonies  is  of  a  yellowish-brown    color  and   is 
rounded  by  a  transparent  peripheral  zone.     The  super6cia]  oolc 
are  commonly  smaller  than  those  which  develop  a  little  bolow  th« 
surface  of    tlie  gelatin.     In   stick  cultures  in  nutrient  gelatin  tb* 
growth   upon  the  surface  consists  of  a  thin,  whitish    layer  in   tiMi 
vicinity  of  the  f»oint  of  puncture,  having  an  irregular,  jagged 
line — sometimes  there  is  no  development  upon  the  sxuface ; 
the  Une  of  puncture  the  gro^vth  consists  of  rather  transpareot, 
Crete  or  confluent  colonies.     In  streak  cu  I  lures  upon  nutrient  agar, 
or  gelatin,  or  blood  serum  the  groNvth  is  limite<l  to  the  '"in^^f'^f  | 
vicinity  of  the  line  of  inoculation,  and  consists  of  finely  graaii^,i 
Bemi-transparent  colonies,  which  form   a  thin,  grayish-white  layvj 
with  irregular,  somewhat  thickened  margins,     Vyton  potato  no  diK 
velopment  occurs,  as  a  rule,  at  the  room  temperatvu«,  but  in  the  in- 
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cubatingr  oven  a  rather  thin,  transparent,  graj*ish-white  or  yellovKsh, 
waxy  layer  is  developed  in  the  courne  of  a  few  days.     Aocording  to 
Bunzl-Fedorn.  thebacillug  uf  fowl  cholera  and  that 
of  rabbit  »eijticamiia  ^mv  uj>uii  jKitato,  whilo  the 
bacillus  of  Wildseiiche,  Schweineseuche,  and  Biif- 
felseuche  do  not.     Accordiug  to 
Caneva,  none  of  the  bacilli  of  this 
group  grow  upon   potato.      The 
Baine  author  states  that  the  growth 
in  milk  is  scanty  and  does  not 
prtKluce  (■oagnlntion,  white  Bunzl- 
Fedeni  finds  that  the  biu.'il!u.s  of 
fowl  cholera  and  of  rabbit  septi- 
Cfemia  protluce  coagulation  and 
the  others  do  not.     These  differ- 
ences are  not,  however,  consid- 
ered by  the  author  last  named  as 
sufficient  to  establish  the  specific 
difference  of  the  bacilli  from  these 
different  sources.     He  looks  ufKnn 
them  rather  as  varieties  of  the 
same  sjRX-ies.     Bunzl-Fedeni  has 
also  a8certfune<l  that  when  cul- 
tivated in  a  peptone  solution  all 
of  the  bacilli  of  this  group,  with 
the   exception   of    that   obtained 
from  the  so-called  Biiffelseuche, 
give  the  reactii;>n  for  phenol  and 
for  indol — the  liacillus  of  Biiffel- 
seuche gives  the  indol  reaction  only.    Development  in  bon  illon  is  rapi*l 
and  causes  a  unifonn  turbidity  of  the  fluid.     Cultures  of  this  bacillus 
may  retain  their  vitality  for  tlireo  months  or 
more  when  kept  in  a  moist  condition  ;  but 
the  bacillus  usually  fails  to  grow  after  ha\nng 
been  kept  for  a  few^  days  in  a  desiccated  con- 
dition ;  according  to  Huepjx?,  it  may  resist 
desiccation  for  fourteen  days.     The  thermal 
death-point,  as  determined  by  Salmon  for 
the  bacillus  of  fowl  cholera,  is  5(i"  C. ,  the  time 
of  exposure  being  ten  minutes  (5.5'^  C.  wth 
fifteen  minutes'  exposure — Baumgai-ten).     It 
is  not  readily  destroyed  by  putrefaction  (Kitt). 
A  solution  of  mercuric  chlorido  of   1  ;5,0'K) 
destroys  it  in  one  minute,  and  a  three-per-cent  solution  of  carbolic 


Vto,  ISO.  —  BoeniuB 
eptlctDmls  biemor- 
rhaf^cae;  stick  culture 
In  Dutrleot  gc latin, 
end  of  (our  days  ut  IQ"- 
18*  a    (Bwimgorteo  ) 


Fio.  18t.— Bacillus 
of  Scbwelneaeuche  ; 
old  stick  culture 
Id  nutrient  gcla- 
Un.   tSoblktx.; 


Fio.  133. —Bacillus  of  Hwlne 
plAfcue;  colonies  on  gelatin 
plate,  end  of  sevun  days. 
,<  fW.    (Smith.) 
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acid  in  bix  hours  (Hueppe).  Pasteur  (1880)  has  sho^m  that  when 
cultures  of  this  bacillus  (microbe  of  fowl  cholera)  in  bouilloa  are 
kept  for  some  tinio  they  gradually  lose  their  j)athogemc  viruleoise,, 
and  he  has  ascril>ed  this  '*  attenuation  of  virulence  "  to  the  actioa 
atmospheric  oxygen.  He  also  ascertained  that  the  particular  de 
of  Annilence  manifested  by  the  mother  culture  after  a  certain  Inter 
could  be  maintained  in  successive  cultures  made  at  short  intervals. 
He  was  thus  able  to  cxdtivate  different  pathogenic  varioties.  and  to 
use  these  in  making  protective  intK-ulationa,  by  wliich  susceptible  ani- 
mals were  preservt«J  from  the  effects  of  virulent  cultxires  injected 
subsequently. 

Attenuated  cultures  recover  their  virulence  when  inocidated  into 
very  susceptible  animals.  Thus  a  culture  which  would  produce 
non-fatal  and  protective  attack  in  a  chicken  may,  according  to  Pa 
teur,  kilt  asmall  bird,  like  a  sparrow;  and  by  successive  inc 
from  one  sparrow  to  another  the  original  degree  of  -\'irulence  may  bo 
restored,  so  that  a  minute  quantity  of  a  pure  culture  would  be  fatal 
to  a  chicken. 

Pathotjeneais. — Pathogenic  for  chickens,  pigeons,  phesaaots, 
sparrows,  and  t>ther  small  birds,  for  rabbits  and  mice,  also  for  swine 
(Schweineseuclie),  for  cattle  (llinderseuche).  and  for  deer  (Wfld- 
seuche).  Subcutaneous  injection  of  a  minute  qutintity  of  a  virul«ot 
culture  usually  kills  chickens  within  forty-eight  hours.  Some  time 
before  death  the  fowl  falls  into  a  somnolent  condition,  and,  wita 
drooping  wings  and  ruffled  feathers,  remains  standing  in  one  place 
luxtil  it  dies.  Infection  may  also  cx"cur  from  the  ingestion  of  food 
nil  listened  with  a  culture  of  the  bacillus  or  soiled  with  the  dischaijpi 
f  r<^nn  the  bowels  of  other  infecte«l  fowls.  At  the  autopsy  the  mucooil 
membrane  of  the  small  intestine  is  found  to  bo  inflamed  and  studded 
\\Hth  small  lueniorrhagic  foci,  as  arejilso  the  serous  membraneB;  tfal 
spleen  is  notably  enlarged.  The  bacilh  are  found  in  great  naznien 
in  the  blood,  in  the  various  organs,  and  in  the  contents  of  the  m* 
testine.  In  rabbits  death  commonly  occurs  in  from  sixteen  to  twcoir 
hours,  and  is  often  precede<l  by  convulsions.  The  tero|>enitxuv  '» 
elevated  at  first,  but  shortly  before  death  it  is  reduced  bulow  tka 
normal.  The  post-mortem  appearances  are  :  swelling  of  the 
and  lymphatic  glands  ;  ecch_\Tno3es  or  diffuse  hsemorrhagic 
tions  of  the  mucous  membranes  of  the  digestive  and  reepiratocy  ] 
sages,  and  in  the  muscles;  and  at  the  point  of  inoculation  a  i 
amount  of  inflammatory  oedema.  The  bacilli  are  found  in  COtttidv*! 
able  numbers  in  the  blood  within  the  vessels,  or  in  that  which 
escape*!  into  the  tissues  by  the  rupture  of  small  veins.  Tbey  aralK^^ 
however,  so  numerous  as  in  some  other  forms  of  aepticieaua — ei,^, 
anthrax,  mouse  septicaemia — when  an  examination  is  made  imme>d 
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diately  after  death  ;,  later  the  number  may  be  greatly  increased  as  a 
result  of  post-mortem  multiplication  within  the  vessels.  The  rabbit 
is  so  extremely  susceptible  to  infection  by  this  bacillus  that  inocula- 
tion in  the  cornea  by  a  slight  superficial  woimd  usually  gives  rise  to 
general  infection  and  death.  Tiiis  animal  may  also  be  infected  by 
the  ingestion  of  food  contaminated  with  a  culture  of  the  bticillus.  It 
is  by  this  means  that  Pasteur  pr»>poseil  to  destroy  the  rabbits  in  Aus- 
tralia, which  have  multiplied  in  that  country  to  such  an  extent  as  to 
constitute  a  veritable  pest.  Both  in  fowls  and  in  rtibbits  the  disease 
may  under  certain  circumstances  run  a  more  protracted  course — e.g., 
when  they  are  inoculated  with  a  small  quantity  of  an  attenuated  cul- 
ture.    In  loss  susceptible  animals — guinea-piga,  sheep,  dogs,  horses 


< 


Fra.  188.— Bacillus  ot  Bcbweioeaeuche,  io  blood  of  rabbiC    (Schatz.) 

local  abscess,  without  general  infection,  may  result  from  thesub- 
cutiineous  injection  of  the  bacillus  ;  but  those  animals  are  not  entirely 
immune.  In  the  infectious  maladies  of  swine,  cattle,  deer,  and  other 
large  animals  to  which  reference  has  been  made,  and  which  are  be- 
lieved to  be  due  to  the  same  bacillus,  the  symptoms  and  pathological 
appearances  do  not  entirely  correspond  with  those  in  the  rabbit  or 
the  fowl;  but  the  bacillus  as  obtained  from  the  blood  of  such  animals 
corresponds  in  its  morphological  and  biological  characters  with  Pas- 
teur's microbe  of  fowl  cholera  and  Koch's  bacillus  of  rabbit  septi- 
caemia, and  pure  cultures  from  the  various  sources  mentioned  are 
equally  fatal  to  rabbits  and  to  fowls.  In  the  larger  animals  pul- 
monary and  intestinal  lesions  are  developed,  and  in  swine  a  diffused 
red  color  of  the  skin,  similar  to  that  oliserved  in  the  disease  known 
in  Germany  as  Schweinerothlauf  (Fr.  rouget),  is  sometimes  seen. 
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According  to  Baumgarteii,  bacilli  from  Wildaeuche  or  from  Rindrr- 
seuclit'  inacidatod  into  swine  give  rise  to  fatal  Schweinesjeuche,  mul 
bacilli  from  any  of  these  forms  of  diseatic,  when  inoculated 
pigeons,  produce  characteristic  fowl  cholera  ;  but  the  bacillus  as 
tained  from  Schweinesenche  or  Wildseuche  is  not  fatal  to  chicke 
and  the  bacillus  from  Schweinesoucho  is  fatal  to  guiiiwi-pigs,  wl 
have  but  slight  susceptibility  to  the  bacillus  of  ral)bit  septi< 
Notuithstanding  the«e  differences  he  agrees  with  Hueppe  in  the ' 
tliat  ttio  btTX'illi  from  tlie  various  sources  mentioned  are  specificaUT 
identical ;  although  evidently,  if  this  view  is  adoptetl.  we  moA 
admit  that  varieties  exist  which  <lifFBr  somewhat  in  their  pathogenic 
power. 

The  rt'scarclies  of  Smith  ami  of  Moore  show  that  "  an  attenaatt<d 
variety  of  bacteria,  belonging  to  the  group  of  swine-plague  bacteria 
and  not  distinguishable  from  tliem,  inhabit  the  mouth  and  upper  air 
passages  t)f  such  domosticatt«l  animals  as  cattle,  dogs,  and  cats" 
(Smith). 

02.    BACILLUS  OF  CHOLERA   IN   DUCK8. 

Obtained  by  Coruil  and  Toupet  (1888)  from  the  bloo<l  of  dudai,  in 
Jardin  d'AccUtnatioo  at  Paris,  whidi  liud  died  of  tiii  epidemic  rtiirannchi 
terized  by  diarrhica,  feebleness,  aud  muscular  tremofs,  and  which  rwultad 
fatally  in  two  or  three  days. 

Morphologtf. — Does  not  differ  in  iU  morphology  fniin  the  hacilln*  ot 
fowl  cholera  (Bacillus  septicajuiiie  liiwtiiorrhagicaB^ ;  short  roda  with  ruucideii 
ends,  fi"Oni  1  to  1.5  ^j  in  len^h  and  (>.."i ;/  bi-oad. 

Stains  with  the  usu.'il  atiiliiie  colors,  but  uot  b^' Oram's  method;  thecnli 
btaiu  moi*e  deejjjy  than  the  central  |x>rtion. 

Biological  Chnfocters. — An  aefi>i>ic,  twn  liquefying,  non-motilf\ 
Does  not  form  sports.  Gi-ows  in  the  usiitd  culture  media  at  the  rw 
pet'jitiHt:'.  In  its  growth  ia  various  media,  as  well  as  in  its  morphulof^.Ooniil 
and  Toupet  found  this  bacillus  to  correspond  with  the  bacillus  of  fcnri 
cholera.  In  gehifin  utick  eiiltnreA\.\w  (growth  uptni  the  surface  coiisisu  of  a 
thin,  grayish  layer,  and  along  the  line  of  puncture  as  small,  seuti  traiusft- 
rent.  8lir,Aitly  yellowish,  spherical  colonies.  UiJon  agar,  in  the  iucufaal&q; 
oven,  at  the  end  of  twelve  hours  smalt,  lentil  shapetl,  waxy  colooHSi 
formed,  which  later  may  have  a  diameter  of  three  to  four  miiliB 
U|)ou  potato  oii-cular,  yellowish  colonies  are  formed,  which  beoomt  i 
fluent  and  form  a  somewliat  depressed,  pale-yellow  layer. 

Pa//(Of/e»i<?,si',*.--Acconhnpr  lo  Cornil  and  Toupet,  this  bacillus  is  , 
penic  for  ducks,  hut  not  for  chickens  or  pipeons,  and  only  kills  rabbau'i 
injecte<l  in  considerable  quantity.  Ducks  die  in  fron»  one  to  three 
from  sul)cutaiir<>us  injections,  or  by  the  ingestion  of  food  to  which  lias  \ 
his  hiuj  l)een  added. 


63.  BACILLUS  OF  HOO  CHOLERA  (Salmon  and  Snuth). 

Synotijftns. — Bacillusof  swine  plague  (Billings) ;  Bjun!Iust>f  Bwim^ 
|)e8t  (Selander). 

Acconling  to  Smith,  this  bacillus  was  first  described  by  Kkta 
(1«84)  ;  it  was  first  obtained  in  pure  cultures  and  its  principal  char- 
acters determined  by  Salmon  and  Smith  (1885),  and  hASsiiioe  been 
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studied  in  cultures  aud  by  exporiiaental  inoculations  by  Selander, 
Billings,  Frosch,  Welch,  Caneva,  Bunzl-Fedtjrn,  and  others. 

The  bacillus  is  found  iti  the  blood  and  van'ou;*  organs  of  ho^s 
which  have  succuinlx^d  to  theinfectiousdiseaseknownin  this  country 
as  hog  cholera ;  and  also  in  the  contents  of  the  intesttae,  from  which 
it  may  be  obtained  by  imxjulations  into  rabbits,  but  is  not  easily  iso- 
lated by  the  plate  method  owing  to  the  large  iimnber  of  other  bac- 
teria present  (.Smith). 

MorphctUxjy. — Short  bacilli  with  rounded  ends,  l.'^l  to  1.5  /i  in 
length  iuid  U.G  to  0.7  ).i  iu  breadth  ;  u.sually  united  iu  pairs. 

This  bacillus  is  easily  .y/fun<^f/ by  the  aniline  colors  usually  em- 
ployed, but  does  nut  retain  its  color  when  treated  by  Gram  s method. 
When  the  staining  agent  is  allowtul  to  act  for  a  very  short  time  the 
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Fio.  ISI.— Bncillus  of  hojf  eholero;  stalnedby  Loffler'*  nietliod  to  show  fla^Ila.  k  1,000.  From 
a  pbotomlcrofrrapti  vaaAn  at  the  Army  Medical  Museum.    (Orti]r.) 

ends  of  the  rods  may  bo  stained  while  the  central  portion  remains 
unstained. 

Biological  Chararters. — An  aerobic  (facultative anaerobic),  mo»- 
liqnefying^  ucUrfhj  motile,  bsicillus.  In  many  of  its  chanicters  this 
bacillus  closely  resembles  the  one  last  described  (Bacillus  septicsemisB 
hjemorrhagicfe),  but  it  is  di.stinguished  from  it  by  its  active  move- 
ment's, wliich,  according  to  Smith,  may  be  still  observed  in  cultures 
which  have  been  kept  for  weoks  or  months.  Does  not  form  spores. 
Grows  readily  in  various  culture  media  at  the  room  temperature — 
more  rapidly  in  the  incubating  oven.  Upon  <jelattn  plates  colonies 
are  developed  in  from  twenty-four  to  forty-eight  hours.  The  deep  colo- 
niee  are  spherical  and  homogeneous,  and  have  a  hro'wnish  color  by 
transmitted  light;  they  .seldom  exceed  one-half  millimetre  in  diameter. 
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The  superficial  colonies  may  attain  a  diameter  of  two  millimelsvs; 
they  present  no  distinctit  e  characters.  Upon  figar  plates  the  ccdoDJes 
may  have  a  dianioter  of  four  millimetres ;  they  have  a  graxosh,  tranf* 
parent  appearance  and  a  shining  surface.  In  gelatin  stick  ciilturtt 
small,  3'ello\v'ish -white  colonies  are  developed  along  the  line  of  in- 
oculation, which  may  become  confluent ;  upon  the  surface  a  thin, 
pearly  layer  is  developed  about  the  point  of  inoculation,  trhich  may 
have  a  diameter  of  six  millimetres  or  more.  Upon  potato  a  Btrsv^ 
yellow  layer  is  developed,  which  later  acquires  a  darker  color.  In 
slightly  alkaline  bottiU on  a  slight  cloudiness  may  be  oljserved  at  the 
end  of  twenty -four  hours,  and  at  the  end  of  one  or  two  wBek*,  if 
not  disturbed,  a  deposit  is  seen  at  the  bottom  of  the  tube  and  a  tlib, 
broken  film  may  form  upon  the  surface.  The  development  of  this 
bacillus  in  Diilk  pro<lnces  a  direct  solution  of  the  casein  without  pre- 
vious coagulation  ;  when  a  solution  of  litmus  has  been  adde«l  to  niilk 
it  retains  its  blue  color  in  presence  of  this  bacillus,  while  the  bacillus 
prt^Niously  described  causes  it  to  change  to  red.  Neither  phtsnul 
nor  indol  is  produced  in  solutions  containing  peptone  (Bunzl-Federat 
— another  distinguirthing  character  from  the  Bacillus  septiaemic 
haemorrhagicse.  This  bacillus  uiaj'  be  cultivated  in  slightly  add 
media,  which  after  a  time  acquire  an  alkaline  reaction. 

In  Smith's  experiments  this  bacillus  was  found  to  resist  desico*- 
tion  from  nine  days  to  several  mouths,  according  to  the  thickiiMtaf 
the  layer  dried  upon  the  cover  glass  ;  bacilli  from  an  agar  cultnra  b 
some  experiments  failed  to  grow  after  seventeen  days,  and  in  othen 
still  gave  cultures  after  four  months.  Bouillon  cultures  are  Mteril- 
ized  in  four  minutes  by  a  temperature  of  70"  C,  in  fifte<>n  minatn 
by  58°  C,  and  in  one  hour  by  54^  C.  (Smith).  JTox-y  has  taoltttal 
from  cultures  of  the  hog-cholera  bacillus  a  toxic  basic  HulatlBCe 
which  he  calls  susotoiin.  This  was  obtained  by  Brieger's  metluid ; 
it  is  a  yellowish-brown,  syrup-like  liquid,  which,  when  in jected  into 
rats  in  doses  of  0.125  to  0.25  cubic  centimetre,  causes  their  death  b 
less  than  thirty-six  hours.  He  also  obtained  by  precipitation  with 
absolute  alcohol,  from  cultures  concentrated  in  a  vacuum  at  3<r  C . 
a  toxalbumin  which  when  dried  was  in  the  form  of  a  white  powder 
easily  soluble  in  water.  Rats  died  in  three  or  four  hours  afUT  re- 
cei^ang  subcutaneously  a  dose  of  0.1  to  0.5  gramme. 

Pathogenesis. — Pathogenic  for  swine,  rabbits,  guim'A^pigs,  nikv, 
and  pigeons. 

In  certain  parts  of  the  United  States  the  diaeaae  known  aa  "  hof 
cholera "  f ref[uently  prevails  among  swine  as  a  fatal  epidemic  It 
may  occur  as  an  acute  an<l  <|uickly  fatal  septicaemia,  or  in  a  wan 
ehronio  form  lasting  from  two  to  four  weeks  or  even  kmgw.  In 
the  acnite  form  death  may  occur  within  twenty-four  hours,  and  ham- 
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orrhagic  oxtravasiitious  are  found  upon  the  mucous  ami  serous 
menibraues  and  in  the  parenchyma  of  the  hings,  kiilneys,  and  lym- 
phatic glands.  The  spleen  is  greatly  enlarged,  Boft,  and  dark  in 
color.  In  the  chronic  form  of  the  disease  the  moat  notable  changes 
are  found  in  the  alimentary  canal.  These  are  most  constant  and 
characteristic  in  the  coacum  and  colon,  which  may  be  studded  with 
spherical,  hard,  necrotic  masses  or  extensive  diphtheritic  patches. 
According  to  Smith,  the  liaemorrhagic  and  necrotic  form  of  the  dis- 
ease may  exist  at  the  same  time  in  different  animals  of  the  same 
herd.  The  bacilli  are  found  in  iill  of  tlio  organs,  and  especially  in 
the  spleen,  where  they  are  associated  in  irregular  colonies  similar 
to  those  of  the  typhoid  bacillus.  Smith  has  demonstrated  their  pre- 
sence in  urine  taken  from  the  bladder  immediately  after  the  death 
of  the  animal,  and  states  that  the  kidneys  are  almost  always  in- 
volved, as  shown  by  the  presence  of  albumin  and  tube  casts  in  the 
urine. 

An  extremely  minute  quantity  of  a  bouillon  culture  injected  be- 
neath the  skin  of  a  rabbit  causes  its  death  in  from  seven  to  twelve 
days  ;  a  larger  quantity  may  produce  a  fatal  result  in  five  days  ;  in- 
travenous injections  of  very  small  amounts  may  be  fatal  within 
forty-eight  hours.  After  a  subcutaneous  injection  the  animal  re- 
mains in  apparent  good  health  for  three  or  four  days,  after  which  it 
loses  its  appetite  and  is  indisposed  to  move  ;  several  days  before 
death  the  temperature  is  suddenly  elevated  from  2°  to  3°  C,  and  it 
remains  high  until  the  fatal  termination.  At  the  autopsy  the  spleen 
is  found  to  be  enlarged  and  of  a  dark-red  color  ;  the  liver  is  studded 
with  small,  yellov\'ish-wliite,  necrotic  foci;  the  kidneys  have  under- 
^no  parenchymatous  changes  ;  the  heart  is  fatty  ;  and  the  int^istinal 
mucous  raenibraue  is  more  or  less  marked  with  hiemorrhagic  extra- 
vasations. The  bacilli  are  found  in  all  of  the  organs.  In  house 
mice  the  residts  of  exijoritneiital  intrculations  are  similar  to  those  in 
rabbits.  Guinea-pigs  succumb  when  inoculated  subcutaneously  with 
one-tenth  cubic  centiifletre ;  pige«jus  require  a  still  larger  dose — 
about  three-quarters  of  a  cubic  centimetre.  Swine  are  killed  by  the 
intravenous  injection  of  one  to  two  cubic  centimetres  of  a  recent 
bouillon  culture,  but,  as  a  rule,  do  not  succumb  to  subcutaneous 
injet!tions.  Cultures  recently  obtained  from  diseased  animals  are 
more  virulent  than  those  wliich  have  been  propagated  for  a  consider- 
able time  in  artificial  media. 

Smith  has  described  a  variety  of  the  hog-cholera  baaillus  obtained  durinjf 
an  epidemic  in  which  the  disease  was  of  longer  duration — about  four  weeks 
— than  is  usual,  and  in  which  there  was  coinmonly  found  at  the  autopsy  a 
diphtheritic  inllaniiuation  of  the  mucous  meinbrano  of  the  stomach.  Tins 
bacillus  differed  from  the  typical  form  by  being  somewhat  lam-r  and  in 
fornung  considerably  lar^r  colonjea  in  gelatin  plates — two  or  tlii^c  timea 
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as  lai'ge.  It  also  jinxluceil  n  greater  oimcity  in  peptonized  bouillon,  and  ia 
geueral  sho\v»>«l  a  more  vii,''oi-oiLs  gi-owtii  in  various  nutrient  media.  It  dif- 
fered also  in  its  palhoot^uic  power,  as  t4.'Me«.l  upon  i-abbit.s,  causing  death  at  a 
later  date  or  not  at  all ;  and  in  fatal  cases  tne  swelling  of  the  spleen  and 
neci-otic  foci  iu  tlie  lirt'r,  produced  by  the  first -describeti  species,  wereaharal. 

Bang  (1892)  has  obtained  a  bacillus  from  infected  swine  in  Deumorfc 
which  cori-esponds  with  tlie  American  h(>g--cholera  bacillus.  In  <  hn«Dic 
forms  of  the  disease  pneumonia  ami  an  extensive  diphtheritic  proc«:«8  in  tit* 
intestines  occurred  as  a  complication.  This  was  found  to  b«<  due  to  auotiu'T 
bacillus,  called  by  Bantj  '  vacuole-bacillus. "  This  produce<l  a  fatal  pleuro- 
pneumonia when  injected  into  the  liuifis  in  pips.  AccoitUnjf  to  Biui^.  bii 
"vacuole-bacillus"  is  without  doubt  identical  with  the  swine-plagiie  liarillui 
of  Salmon  and  Smith,  and  <!ie  disease  of  swiue  studied  by  him  was  a  niixnl 
infection.  The  nei-rotie  chang-es  in  the  intestine,  found  in  C-ases  runnin);  a 
I'hi-onic  couise,  arc  believed  by  Baii^  to  be  due  to  still  another  barillu*— lus 
"  iieci'iisis-l.iaciilus."  AMjinas-sietl  (18it2)  confirms  the  results  previoiislr  iiIki 
taiiietl  by  several  iudeix'udent  observers  as t<"  the  identity  of  the  t^WlIl•'-pU|glfl~ 
ba<'illus  of  Siilinon  and  Smith  with  the  Ivfittler-Seiiiitv,  bai'illii».  The  i«^» 
ditl'erence  observed  wa.s  a  ditfereuce  in  palliog-enic  virulenr«^— the  Iwn-illM 
frfiin  America  corresiionding  ^^^th  a  somewhat  attennateti  variety  of  lb«U 
fj"oin  (Termany. 

Welch  (1894),  as  a  result  of  his  extended  researches,  arrives  at  Uie  fi>llow- 
ing  coiieiusiiin  : 

"Our  own  conclusion  aa  to  the  bacteria  of  Sohweineseucho  and  of  swina 
plajTuc  is  that  no  tlitlerence  exists  between  tijeui  as  wg-ards  niorpbolmjr, 
culture  behavior,  and  jiathofjenic  effects  on  rabbits,  mice,  and  othf>r  UiUir*- 
tory  animals.     Oultiire.s  of  each  occur  which  are  als4i  indisti'  'v 

Lnocidation  of  ])i{is.     The  only  difference  by  laboratory  exj  K 

has  thus  far  been  brotipht  out  is  that  there  occur  S<hweineeeii<  m-  [i.u-iiu  of 
hipher  decree  of  virulence  as  tested  on  jiigs  than  any  swiue-pla^c  Ime- 
tei-ia  whicii  liave  hitherto  been  isolated  from  pigs  in  thi.*  country.  AnotW 
I)oint  to  be  considered  iu  this  connection  is  that  SchweineKemhe  on  ur»  u 
an  inde])endent  diaf>ase  in  Germany  'nnthout  association  with  hof(  diolcsx 
where4»a  swine  plajrue  has  not  lxM>n  shown  to  prevail  with  the  aaoM  iaih 
pendence  as  an  ei)izootic  in  this  country'. " 

Silbei-schiniiVt  (IsttSj  arrives  at  a  diffen'nt  conclusion  from  tlukt  natAai 
by  Smilli,  Welch,  Bang,  and  others.  He  believes  that  the  diseasrs  of  nriaa 
knoAvn  as  hog  clmlera,  swine  jdagiie,  and  infe<'tious  pneuino-entrrilis  aiv  all 
duo  to  one-  and  llu^  same  baeillus,  which,  however,  variesi  couHidtrrablv  Inli 
in  it.s  nii»rjdi(>logicaI  cliar.'u-ters  an  J  its  patiiogenic  p<jwer.  In  vtowof  tlM 
i-e.siilts  ])iwi<)usly  i'»:'achcd  by  equally  conipetentTjacteriologislR.  and«ipKid|y 
by  Smith  and  by  Welch  in  this  country,  we  are  not  disposed  to  taecCfM  tki 
view  inainUiined  by  .Silbei-schniidt. 

Smith  hius  describetl  several   varieties  of  the  hogK^hoL       '        "'        uo4  ; 
his  account  of  the  "  hog-cholera  group  of  bacteria  "  shou 
enteridifiH  of  Gartner  and  the  Bacillua  ty phi  murium  >n  i.-nn-rm-j 
this  group.     The  rharactei's  of  the  different  varieties  (or  .«;it«>cifs  f)  _ 

to  the  group  are  given  by  Smith  in  detail  (United  Slates  Df{»artmrntof  \t^ 
culture,  Bureau  of  Animal   Industry,  Bulletin  No.  C,  IMH),  and  the  !■ 
uig  jreneral  stat^'uient  is  niaile: 

"If  we  attempt  to  sum  U|)  those  characters  Avliich  art*  to  oin-utusm'- 
hot: -cholera  prouj)  of  b:uteria  we  atv  at  once  confronted  hy  tlM^acani'     •' 
conmion   characters.     Pathogenesis,   though  of  great  importanc**  frf»in  Um 
stancijwint   of   pathology,    is    jirobably   tne    last  character    ai-r]uin'«l   »aA 
evidently  the  most  variable  and  most  readily  lost.     If  we  ba»r  th«'  un 
of  this  group  on    morphological   and    biological  characters,  wr  are  tik 
wise  met  by  variations  in  siz-e,  absence  of  motility,    variafiorw  iu   thr  •l^ 
pearanco  of  tlie  colonies.     There  are,  however,  certain  luiderljin^  d^af" 
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aclers,  as  expressed  1>.v  the  behavior  of  these  Uacttiia  in  boiitllon  con- 
taining dextrose,  saccharose,  and  laet/ose,  whicli  I  think  will  serve  as  a  very 
important  group  characU-r,  ditfei-entiating  such  gi'<mps  sharply  fi«oni  the 
colon  group.  1  wouhl  therefore  Kugfjest  that  for  ihe  present  all  ba*;terijk 
whose  size  appi^oxi mates  that  )if  this  group,  which  ilo  not  liquefy  gehitin,  and 
whose  fermentative  properties  ai-e  ihe  same  as  those  described  for  this  group, 
should  he  ranged  under  it.  Future  investigations  into  the  hioeheniical  char- 
actersof  these  varieties  or  sub-species  may  i-eveal  other  ditl'eiiential  eharac- 
tei-s,  but  the  time  ha.s  not  yet  come  when  such  laborious  work  wdl  be  under- 
taken oi»  a  suthciently  extensive  scale  to  be  of  any  service  in  ditt'ereutiatiuj 
varieties  and  sub-sjwcie.s," 

S<-'lauder  in  1830,  and  Met^chnikofTin  1891?,  have  reported  a  rapid  increase 
in  virulence  of  the  bacillus  of  bog  cholera  by  successive  iniM-ulations  in 
rabbiti* or  pigeons.  Jlo<^)re  (18!)-J)  has.  shown  that  this  is  amisUvke,  and  that 
the  bacteriologists  named  probably  did  not  experiment  with  cultuivs  of  the 
hog-cholera  bacillus,  jis  ttiey  .supi>osed,  but  that  their  expei'iments  were 
made  with  the  bacillus  of  swine  plague — Bacillus  septic:enu:e  bemorrhagi- 
oie — which  when  jKiased  through  a  series  of  rabbits  attains  a  notable  increase 
in  pathogenic  virulence. 

In  a  recent  article,  Klein,  of  London  (1895)  says:  "  The  bacillus  of 
English  swine  plague,  wJiieh  I  described  in  1884,  in  Virchow's  Arehiv,  as 
shown  bv  Sniitli  and  Welch,  is  identical  with  the  bacillus  of  American  hog 
cholera.''^ 
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H4.    B.VCILUJS   OF  BELFANTI   AXD   PASCAROLA. 

Synonym. — Inipftetanusbiu!illus. 

Obtained  by  Belfanti  and  Pase^rola  (1888)  from  the  pim  of  wounds  in  an 
individual  who  succumbed  to  tetaim.s. 

Morphology. — Bacilli  wit  h  njunded  ends,  sometiinas  so  short,  as  to  resemble 
micrococci;  i-esembletbe  Bacillus septiciemirehuMnorrhagicu;  (fowl cholera). 

S<a/HS  with  the  usual  aniliue  colors  and  also  by  Gram's  method.  The 
ends  are  commonly  more  deeply  stjiiued  than  the  central  portion. 

Biological  Chnraf(or.<^.~\n  aerobic  and  facultative  anaerobic,  non- 
liquefying,  non-motile  bacillus.  Spore  formation  not  observed.  Oi'ows  in 
the  usual  culture  media  at  the  room  terapei-ature.  Upon  gelatin  plates  yel- 
lowish-gray, finely  granular,  spherical  colonies  with  smooth  outlines  are 
develoj^.  In  geiaiin  stick  cultures,  at  18°  to  25°  C.,  at  the  end  of  twenty- 
four  hours  Bmall,  spherical  colonies  are  developeti  along  the  line  of  punc- 
ture, which  are  isolated  or  closely  crowded ;  upon  the  surface  a  nttlier  thin, 
shining,  grayish-white,  iridescent,  circular  layer  is  formed;  gas  is  given  off 
which  has  not  a  di.sagreeable  odor.  U[)on  Ihs  surface  of  agar  elevated, 
shining,  gray  colonies  develop  along  the  impfstrich,  or  a  gray,  sbiningband 
is  forraea  which  increfkses  in  t^iickness  but  not  in  breadth— usuallv  less  than 
one-half  centimetre  broad.  Old  cultures  give  off  an  acid  odor,  tipou  hlood 
9erum  a  thin,  while  layer  is  developed  along  the  line  of  inoculation,  Upon 
po^a^o  a  thin,  wliite,  varnish-like  layer  is  formed. 

Pathogenema. — Very  ])athogenic  for  rabbits,  guinea  pigs,  white  micej  and 
sparrows.     Not  |)athogenic  for  chickens,  pigeons,  or  gee.se. 


B.\CILLUS   OF   SWINE   PLAGUE,    MARSEILLES. 


Synonyms. — Bai^illus  dor  Schwein&seuche,    Mareeilleg   (Rietsch 
id  Joliert)  ;  Biicillus  der  Frettchenseuche — ferret  disease  (Eborth 
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and  Schimmelbtiscli);  Bacillus  tier  AnierikaiiiscLen  Rinderseuche 
(Caneva) ;  Bacillus  of  spontaneous  rabbit  septioEeniia  (Ebertb). 

The  researches  of  Caneva  anil  of  Bunzl-Federn  agree  as  to  the 
identity  of  the  bacillus  obtained  by  Rietscb  and  Jobert  (1887)  from 
swine  attuekeil  with  a  fatal  epidemic  disease  in  Marseilles,  and  the 
bacillus  found  by  Ebertb  and  Schimmelbusch  (1889)  in  the  blood  of 
ferrets  suflEering  from  a  fatal  form  of  septicaemia  studied  by  them. 
The  first-named  bacteriologist  also  identifies  a  bacillus  supposed 
by  BilUngs  to  be  the  cause  of  '*  Texas  fever  "  in  cattle  ("  Ameri- 
kanische  Rindersouche  ")  and  the  bacillus  of  swine  plague  (Billings) 
with  the  above.  Bimzl-Federn  obt;iined  cultures  of  Billings'"  swine- 
plague  bacillus  at  two  different  times.  He  identifies  the  one  first  re- 
'.^eived  witb^he  bacillus  now  under  consideration,  aq^l  th%  other  yvith 
the  bacillus  of  hog  cholera  (Stdmon).' 

M^pholf!^y.^9iici1ii  -n^itb  rounded  ends,  ajjbut  t-wice  a«  long  as 
T)road7and  one-third  smaller  than  the  bacilTi^  of  typhoid  fever 
(Eberth  and  Schimmelbusch).  The  bacillus  of  hog  cholera  is  shorter 
and  more  slender  than  the  Marseilles  bacillus,  and  the  bacillus  of 
Loffler  and  Schiitz  (No.  61)  is  still  smaller  (Rietsch  and  Jobert). 

In  stained  preparations  the  extremities  of  the  roils  are  usually 
deeply  stainefl,  while  the  central  portion  remains  unstained — "  polar 
staining, "  By  Loffler's  method  of  staining  the  presence  of  flagella 
may  be  demonstrated  (Frosch). 

Stains  readily  with  the  aniline  dyes  usually  employed,  but  does 
not  retain  its  color  when  treate<l  by  Gram's  method. 

Biological  Charactem. — An  aerobic  (facultative  anaerobic), 
non-liquefying,  actively  motile  bacillus.  Grows  readily  at  the 
room  teraiJerature,  and  is  distinguished  from  the  bacillus  of  septi- 
caemia hiemorrhagica  by  its  active  movements  and  more  rjipid  and 
abundant  development  in  the  various  culture  media  usually  em- 
ployed. It  is  distinguished  from  the  bacillus  of  hog  cholera  (No.  63) 
by  producing  phenol  and  indol  in  solutions  containing  peptone,  by 
causing  coagulation  of  milk,  and  by  producing  an  acid  reaction  in 
this  fluid.     Grows  in  culture  media  ha\'ing  an  acid  reaction. 

Rietjsch  and  Jobert  give  the  following  account  of  the  characters 
of  growth  in  various  culture  media,  as  compared  with  the  bacillus  of 
hog  cholera  and  the  bacillus  of  Schweineseuche  (Loffler,  Schutz), 
No.  61  ; 

'  The  mithor  uittncd  says :  "  Willi  reference  to  the  bacillus  of  swiuc  plague 
(nilHogs),  I  ubtuiaed,  us  did  Caneva.  a  decided  production  of  acid  in  the  cultures 
first  acnt  by  Billinjjs  ;  but  upon  testing  later  culturea  received  directly  from  Bil- 
lings aod  from  oilier  sources,  the  result  was  exactly  the  opposite— viz.,  a  decided 
production  of  alkuli  in  milk  aud  identity  ^ith  the  hog-cholera  bacillus  of  Balmon." 
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Qelatin  streak  titlfxres.  At  the  eud  of  twenty-four  huurs  this 
bacilhia  had  developed  considerably,  while  the  growth  of  the  hog- 
cholera  bacillus  was  scarcely  to  be  discermxl  with  the  naked  eye,  and 
the  bacillus  of  Schweineseuche  did  not  form  a  visible  growth  until 
the  end  of  forty-eight  hours.  After  several  days  the  bacillus  of 
swine  plague  (Marseilles)  fortned  an  opatjue.  yellowish-white  streak, 
which,  when  examined  with  a  low-ptjwer  lens,  had  a  brown  color  by 
transmitted  light  and  a  bhiish-wliite  color  by  reflected  light.  The 
streak  of  the  Loffler-Scliiitz  bacillus  was  not  so  thick  and  not  so 
opaque,  and  was  made  up  of  small,  nearly  trausparont  ccjlonies  ;  the 
hog-cholera  bacillus  came  betAveen  the  other  two.  Upon  blood 
serum,  agar,  and  gUjcerin-agar  the  Marseilles  biicillus  grow  more 
rapidly  than  the  other  t^vo,  forming  a  layer  which  was  opaque  and 
of  a  white  color,  with  blui.sh  and  redilish  reflections.  ^J\Hm  potato 
it  formed  a  thick,  opaque,  yellowish  layer,  while  tlie  growth  of  tlie 
hog-cholera  bacillus  was  much  thinner  and  that  of  the  Loffler-Srhiitz 
bacillus  scarcely  to  be  seen.  In  bouillon  the  Loffler-Schiitz  bacillus, 
at  the  end  of  three  days  at  37°  C,  hatl  not  produced  any  perceptible 
cloudiness,  while  the  Marseilles  bacillus  at  the  end  of  twenty-four 
hours  had  caused  the  fluid  to  be  clouded,  a  film  of  bacteria  hatl 
formed  u|>on  the  surface  and  a  deposit  at  the  Ixittom  of  the  tube  ;  the 
hog-cholera  biicillus  produced  a  less  degree  of  oimcity  in  the  boiiillon. 

Pathogenesis. — This  bacillus  is  pathogenic  for  sparrows  and 
other  SDUiU  birds  when  inject-ed  beneath  the  skin  in  small  amounts, 
and  also  for  pigeons  in  a  longer  time — five  to  fourteen  days.  Frosch 
repwrts  a  negative  result  from  subcutaneous  injections  into  rabbits, 
guinea-pigs,  mice,  and  pigeons,  but  his  cultures  appear  to  have  be- 
come attenuated,  as  the  recent  cultures  of  Eberth  and  Schimmelbusch 
were  fatal  to  pigeons  in  four  out  of  five  experiments.  Two  rabbits 
were  inoculated  subcutaneously  by  Rietsch  and  Jobert  with  half  a 
Pravaz  syringeful  of  a  pure  culture  of  the  Marseilles  bacillus  ;  one  of 
these  died  on  the  sixth  day  and  the  other  survived. 

In  sparrows,  which  succumb  in  from  twenty-four  to  thirty-six 
houi-s  after  re<;eiving  a  small  junount  of  a  pure  culture  in  the  breast 
muscle,  the  bacillus  is  present  in  the  bhxKl  in  largo  numbers,  and  a 
purulent  pleuritis  and  pericarditis  is  found  at  the  autopsy.  In  the 
ferrets  from  which  Eterth  and  Schimmelbusch  olitaiutnl  their  cultures 
the  bacillus  wiis  not  present  in  the  blood  in  sufficient  numbers  to  he 
readily  demonstrated  by  microscopical  examination,  but  it  was  ob- 
tained in  pure  cultures  from  the  liver,  spleen,  and  lungs.  The  prin- 
cipal pathological  appearances  noted  were  enlargement  of  the  spleen 
and  pneumonia.  Caneva  reports  that  the  Marseilles  bacillus  injected 
into  white  mice  g^ves  rise  to  an  extensive  abscess  at  the  point  of  in- 
oculation, but  does  not  kill  adult  animals.  In  a  young  mouse  which 
.^1 
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succumbed  to  such  an  injection  the  bacilli  were  not  generally  dis- 
tributed in  the  tissues,  but  were  found  as  emboli  in  the  smaller  capol- 
lanes.  This  bacillus,  then,  is  distinguished  from  the  similar  bacilli 
previously  described  (Nos.  CI  and  63)  by  its  comparatively  slight 
pathogenic  power,  as  well  as  by  its  more  vigorous  growth  in  cultore 
media,  aiid  the  other  characters  heretofore  mentioned. 

66.    BACILLUS   8EPTICUS  AORIGENUS, 

Obtained  by  Nicolaier  from  soil  wliich  had  been  manured. 

Morphology. — Resembles  the  bacillus  of  fowl  cholera  and  of  rmbbitMp- 
ticsemia,  of  which  it  in  perliaps  a  variety,  but  is  asually  somewhat  kia|ai. 
It  also  sotiietiiues  shows  the  etid-»taiiiiug  characteristic  of  Bacillus  n|rtic8r- 
Tiiiffi  ha^iiiorrhaifit'je.  but  not  so  constantly  and  not  so  sharply  defined. 

Biological  Vharavtcrii. — An  aerobic,  (non-liqiiefying  ^),  uon-motfls  ba- 
cillus.    Does  not  form  H|)ores. 

In gelalinnkiff  cuUttres spherical,  finely  f^ranular colonies  are  dcrdoMil 
having  a  yelhnvish-bruvvii  central  poi'tion,  whicli  is  separated  by  a  ink 
ring  from  a  g-rayisli  bixjwn  mari^pnal  zone;  later  this  dirferenco  in  oolor4j^ 
appears  and  the  colonies  becotue  more  decidedly  granular.  In  slick  euitars 
the  growth  consists  of  a  Ibiu  layer  wliich  is  not  ut  all  characteristic. 

Pathogenesis. — Small  qn.intities  of  ft  pure  culture  injected  into  tb*  «f 
vein  of  a  rabbit  cause  its  death  in  from  twenty-four  tn  tjjirt.v  six  boon; 
pathogenic  also  for  house  niicoand  for  field  mice.  Attli(<  autopsy  nonoUU* 
pathological  changes  are  observed.  The  bacilli  are  found  in  bl«MHl  fraatlw 
heart  and  in  the  ctipillaries  of  the  various  orf^ans,  but  are  not  «•>  nanMroat 
as  in  rabbit  septic^Bmia;  they  show  a  special  inclination  to  odhera  to  tbt 
marf^ins  of  the  red  blood  corpuscles. 


I 


67.    BACILLUS   ERYSIPELAT08  6UTS. 


Synonyms. — Bacillus  of  hog  erysipelas;  Bacillus  des  Schwria^ 
rothlauf  (Loffler,  Sohiitz)  ;  Bacille  du  rouget  du  pore  (Pasteur) : 
cillus  of  mou.se  aepticsemia;  B;icillu.s  muris<?pticus  (Fliigge)  ;  Badl' 
lus  des  Mauseseptikiunie  (Koch). 

The  biicillus  of  moase  septic^Bmia,  first  describe<l  by  Koch  (187S), 
resembles  bo  closely  in  its  morphology,  characters  of  growth,  aBi 
pathogenic  power  the  bitcillus  of  Schweinerothlmif  of  LOffler  and 
Schiitz  (1885)  that  they  can  scarcely  be  considervnl  as  distioct  apr- 
cies,  although,  from  slight  dilTerences  which  have  beon  obserred,  tlisf 
are  perhaps  entitled  to  separate  consideration  as  varietMS  of  At 
same  species.  Fliigge,  Eisenberg,  Fraukel,  and  other  autboni,  w^ 
ret-ognizing  the  fact  that  the  bacilli  from  the  two  sources  doedr  !•• 
semble  each  other,  apparently  do  not  consider  them  identical,  «W 
describe  them  separately.  Baumgarten,  on  the  other  hand.deicrflM 
them  under  one  heading  and  considers  it  highly  proboblv  that  thft 
are  identical,  although  be  also  admits  slight  differences  in  tbt 
morphological  cliaractera  and  growth  in  culture  media.  TV» 
differences  are,  however,  no  greater  than  we  have  in  Rrti6ciBny  p»o- 
duced  vurietios  of  other  well-known  microorganisms,  atid  we  thtak 
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it  best  to  follow  Baumgarten  in  describing  them  under  a  single 
heading. 

Koch  fii-st  obtained  this  bacillus  by  injecting  putrefying  blood  or 
flesh  infusion,  during  the  first  days  of  putrefactive  change,  beneath 
the  skin  of  mice.     A  certain  proportion  of  the  animals  experimented 
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Fio.  las.— UaciUiiB  of  mouse  aeptictemia  In  leucocytes  from  blood  of  mouae.    X  TOO,    (KoofaO 


upon  contracted  a  fatal  form  of  aepticjemia,  and  tlie  bacillus  under 
consideration  was  found  in  their  blootl.  The  bju-illus  of  Schweine- 
rothlauf  was  obtained  by  Loflier  and  by  Schiitz  from  the  blood  and 
various  organs  of  swine  which  had  sut-cumbed  to  the  infectious 
malady  known  in  Germany  as  rothlauf  and  in  France  as  rouget. 

Morpliohifjy. — Extremely  minute  bficilli,  about  1  ;/  in  length  and. 
0.2  /i  in  diameter.  The  Schweinerothlauf  bacilli  are  de.scrilx?d  as 
somewhat  thicker  and  longer  by  Fliigge,  by  Fraukel,  and  by  Eisen- 
berg>  but  Baumgarten  states  that  they  are  somewhat  more  slender  and 


Fio.  136.— BACiltuft  of  roiij:«t.  From  a  pure  culture,    x  I.OOO.    From  a  photomicrod^rapta.    CRoux.) 


on  the  average  shorter  than  the  bacillus  of  mouse  septicaemia.  The 
bacilli  are  solitary,  or  in  pairs  the  elements  of  which  are  often  united 
at  an  angle;  occasionally  a  chain  of  three  or  four  elements  may  Ijo 
observed,  and  in  old  cultures  the  bacilli  may  grow  out  into  short 
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threads  which  are  straight  or  more  or  lees  curved  and  twisted.  Small 
refractive  bodies  may  s^ometimes  bo  distinguished  in  the  rodj,  and 
these  have  been  supposed  by  some  authors  to  be  spores,  but  this  has 
not  been  demonstrated. 

This  bacillus  stains  readily  with  the  ordi- 
nary aniline  staining  agents  and  also  by  Grain'? 
method. 

Biological  Characters. — A  faciiltaiirr  mi- 
aerobic,  non-liquefijing  bacillus.  AcconiiR;i'»'> 
Schottelius,  the  rothlauf  bacilli  are  mnv 
motile,  but  Flugge  states  that  other  obo^. .  ,:. 
have  not  seen  them  in  active  motion.  Friokel 
says  they  have  the  power  of  voluntary  motkii. 
Eisenberg  says  that  the  bacillus  of  mouse  septi- 
ceemia  is  motionless,  and  Frankel  says  they  ''seem 
to  be  incapable  of  voluntary  motion."  Baumgar- 
teu  remarks:  "Whether  tlie  bacilli  exhibit  rul- 
untary  movements  has  not  been  determined.* 
Although  this  bacillus  is  not  strictly  anaerutiir, 
it  grows  better  in  the  absence  of  oxygen  than  in 
its  presence.  Development  occurs  in  varioos  cul- 
ture media  at  the  room  temperature,  but  is  mom 
rapid  in  the  culture  oven.  In  gelatin  stick  cut' 
ture/t  no  tievelopment  occurs  uix>n  the  surfarr, 
but  the  gro^vth  along  the  line  of  puncturt'  i»  v«>tt 
characteristic;  this  consists  of  a  delicate,  di>tiil> 
like,  radiating  growth,  which  extends,  in  thm 
course  of  a  few  days,  almost  to  the  walls  of  the  test  tube.  Tkm 
rothlauf  bacillus  does  not  extend  so  rapidly  through  the  gektin. 
and  the  branching,  cloud-like  growth  is  not  as  delicate:  noglgt 
compares  it  to  tlie  bruiidi  of  bristles  used  for  cleansing  teat  tnbOL 


Fio.  UT.-BacUhiB  of 
mooae  icpticiemim; 
(mlturelu  nutiieutgeU- 
Un,  eod  of  four  dnya  &t 
18*  0.    (BaumKarten.) 
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Txa.  laa— BaclUiw  o<  mooie  wpUcaenila:  •togto  eolonr  in  imUkBt 


In  old  cultures  in  nutrient  gelatin  a  slight  softening  of  the 
occurs  along  the  line  of  growth,  and  as  a  result  of  evajionitioo  wri 
desiccation  a  funnel-shai>ed  cavity  is  fonned  in  the  cuUuro  midiMa 
in  the  course  of  two  or*three  weeks.     In  gelatin  platen  cukmiflB  H* 
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developed  in  tlie  course  of  two  or  three  days  in  the  deeper  layers  of 
tbe  gelatin,  but  nut  upon  the  surface;  these  are  nebulous,  grayish- 
blue,  radiating  masses,  which  are  so  delicate  as  to  be  scarcely  visi- 
ble without  tbe  aid  of  a  lens  or  a  darlc  background.  Under  a  low 
jMjwer  they  appear  as  branching  feathery  masses,  which  have  been 
compared  by  Flugge  to  the  radiating  growth  of  "bone  corpuscles.** 
In  older  culture.^  they  coalesce  and  cause  a  nebulous  opacity  of  tbe 
"whole  plate,  which  has  a  bluish-gray  lustre. 

Upon  the  surface  of  nutrient  agar  or  blood  serum  a  verj'  scanty 
development  occurs  along  the  line  of  inoculation.  No  growth  occurs 
Ufion  potato.  In  bouillon  the  bacilli  cause  a  slight  cloudiness  at  tbe 
outset,  and  later  a  scant}',  gravish-whito  deposit  upon  the  bottom  of 
the  test  tube;  no  film  is  formed  upon  the  surface. 
I  The  thermal  death-point  of  this  bacillus,  as  determined  by  the 
^vriter  (l!>87),  is  58°  C,  the  time  of  exposure  Ireing  ten  minutes.  In 
the  experiments  of  Bolton  it  was  destroyed  in  two  hours  by  mercuric 
chloride  solution  in  the  proportion  of  1  :  10,000  ;  by  carbolic  acid  and 
by  sulphate  of  copper  in  one-]>er-cent  solution.  These  results  are 
opposed  to  the  \new  that  the  minute  refractive  granules  which  may 
sometimes  be  seen  in  the  interior  of  the  rods  are  reproiluctive  spores, 
for  all  known  spores  have  a  much  greater  resisting  power  to  heat 
and  the  chemical  agents  ntimetl. 

Pathoyenesis. — Pathogenic  for  swine,  rabbits,  white  mice,  house 
mice,  pigeons,  and  sparrows.  Field  mice,  guinea-pigs,  and  chickens 
are  immune. 

Swine  may  be  infected  by  the  ingestion  of  food  containing  the 
rothlauf  bacillus,  as  has  been  demonstrated  by  allowing  thera  to  eat 
the  intestine  of  an  animal  which  had  recently  succimibed  to  the  dis- 
ease, ajid  also  by  the  subcuttmoous  injection  of  pure  cultures.  The 
disease  u-sually  terminates  fatally  within  three  or  four  days,  and 
sometimes  in  less  than  twenty-four  hours.  It  is  characterized  by 
fever,  debUity,  lo.sa  of  appetite,  and  by  the  appearance  upon  the  Bur- 
f.ice  of  the  body  of  red  pv^tches,  which  gradually  extend  and  become 
confluent,  producing  after  a  time  a  unifonn  dark-red  or  brown  ct>lor 
of  the  entire  surface.  The  di.scharges  from  the  bowels  frequently 
contfiin  blocKiy  mucus.  At  the  autopsy,  in  acute  cases,  the  spleen  is 
notably  enlarged,  and  the  liver  and  kidneys  are  likely  to  be  mcjre  or 
less  swollen,  as  are  also  the  lymphatic  glands,  especially  those  of 
the  mesentery ;  the  gastric  and  intestinal  mucous  membranes  are 
Tisually  inflamed  and  sjK)tted  \vith  luemorrhagic  extravasations  ;  the 
serous  membranes  also  may  l)e  iiirtamod,  and  the  cavities  of  the 
pleurae,  pericardium,  and  peritoneum  usually  contain  more  or  less 
fluid.     The  bacilli  are  found  in  the   blood  vessels  throughout  the 
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body  and  are  especially  numerous  in  the  interior  of  the  leucocytes. 
Comevin  and  Kitt  have  shown  that  the  contents  of  the  intestine 
also  contain  the  bacilli  in  large  numbers,  and  the  disease  appears  to 
be  propagated  among  swine  priufipally  by  the  contamination  of  their 
food  with  the  ah'ine  discharges  of  diseased  anijnals. 

Pigeons  are  very  susceptible  to  the  pathogenic  action  of  this  ba- 
cillus, and  usually  die  %vithin  three  or  four  days  after  inoculation 
%vith  a  pure  cultiu-e.  Rtiblrits  are  not  so  susceptible,  although  a 
certain  proportion  die  from  general  infection  after  being  inoculated 
in  the  ear.  The  first  effect  of  such  an  inoculation  is  to  produce  an 
erysipelatous  infljtmraation.  When  the  animal  recovers  it  is  subse- 
quently immune. 

White  mice  and  house  mice  are  extremely  susceptible,  but  field 
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Tta.  180.— Section  of  ditipbrHKm  of  a  moiiM  dnul  from  tnoime  aeptlctFinlB.  showlDir  bacilli  In  » 
eBplll«T7  blood  veaKl.    (BnuiiiKArtea.) 

mice  are  immune.  This  remarkable  fact  was  first  ascertained  by 
Koch  by  experiments  with  his  bacillus  of  mouse  septicaemia.  House 
mice  which  have  been  inoculated  with  a  minute  quantity  of  a  pure 
culture  of  the  rothlauf,  or  mouse  septicjeniia,  bacillus,  die  in  fronx 
forty  to  sixty  hours.  The  animal  is  usually  found  dead  in  a  sitting 
position,  with  its  back  strongly  curved,  and  for  many  hours  before 
death  it  remains  quietly  sitting  in  the  same  position  ;  the  eyes  are 
glued  together  by  a  sticky  secretion  from  the  conjunctival  mucous 
membrane.  At  the  autopsy  the  spleen  is  found  to  be  very  much  en- 
larged, and  there  may  be  a  slight  amount  of  cBdema  at  the  point  of 
inoculation. 

The  bacilli  are  found  in  the  blood  vessels  generally,  and  are  very 
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numerous  in  the  interior  of  the  leucocytes,  which  are  sometimes  com- 
pletely filled  with  them. 

Piisteur's  first  studies  relating  to  tho  etiologj'  of  "rouget"  were 
made,  in  collaboration  wth  Chamberlain,  Rotix,  and  Thuillier,  in 
1882.  His  description  of  the  microorganism  to  which  he  attributed 
the  diseaaa  does  not  correspond  Avith  that  subsequently  isolated  by 
Loffler  and  by  Schiitz  ;  but  the  last-named  bticteriologists,  and  Schot- 
telius  also,  found  the  characteristic  rothlauf  bacillus  in  ciUturo-i  from 
his  laboratory  which  had  been  prepared  for  the  protective  inoculation 
of  swine — "  vaccins."  Pasteur  found,  by  oxperimental  inoculations 
of  his  bacillus  of  rouget  into  pigeons,  that  the  \Hrulence  of  his  cul- 
tures was  increased  by  successive  inoculations  through  a  series  of 
these  birds,  as  shown  by  the  occurrence  of  death  Jit  an  earlier  date, 
and  also  by  the  fact  that  blood  taken  from  the  last  pigeon  in  a  series 
was  more  riruleut  for  swiae  than  that  from  the  first  or  from  an  in- 
fected pig.  On  the  other  hand,  the  virulence  was  diminished  by  in- 
oculations into  rabbits  ;  and,  by  passing  the  bacillus  through  a  series 
of  these  animals,  a  vaccine  was  obtained  which  produced  a  com- 
paratively mild  and  non-fatal  attack  in  swine.  In  practice  the  use 
of  two  different  vaccines  is  recommended,  a  mild — "attenuated" 
— virus  being  first  inoculated,  and,  after  an  interval  of  twelve  days, 
a  second  vaccine  having  greater  pathogenic  potency.  These  inocula- 
tions have  been  extensively  practised  in  France,  and  that  immunity 
from  the  disease  may  ba  secured  in  this  way  is  well  established,  hav- 
ing been  confirmed  in  Germany  by  Schiitz,  by  Lydtin,  and  by_  Schot- 
telius.  There  is,  however,  some  doubt  as  to  the  practical  value  of 
the  method,  insismuch  as  a  certain  numVier  of  the  inoculated  animals 
die,  and  there  appears  to  be  danger  that  the  disease  may  be  spread 
by  the  alvine  discharges  of  inoculated  animals.  In  a  region  whore 
the  annual  losses  from  the  disease  are  considerable,  and  where  the 
soil  is,  perhaps,  thoroughly  iiifocted»with  rothlauf  bacilli,  protectivo 
inoculations  probably  afford  the  best  security  against  loss.  But 
under  other  circumstsinces  the  quarantine  of  infected  animals  and 
thorough  disinfection  of  the  hicalities  in  which  cases  have  occurred 
will  probably  prove  a  better  mode  of  procedure, 

68.    BACILLUS  COPROGEKBS   PARVUS. 

Synonym. — Mauseseptikumiealmlichcr  Bacillus  (ELsenberg). 

ObtaiiKid  by  Bienstock  from  human  fjeces, 

Morphology. — A  verv  minute  bitcillus.  whi«h  is  but  little  longer  than  it 
is  broad,  and  mijjht  easily  be  mistaken  for  a  micrococcus. 

Biological  Chara^terH. — Grows  very  slowly  on  nutrient  gelatin,  forming 
a  scarcely  visible  film  alonjj  tlie  line  of  inoculation,  whick  at  the  end  of 
aeveral  weeks  is  scarcely  one  millimeti-e  wide.     Is  not  motile. 

Pathogenesis. — la  white  mioa  an  extensive  teieina  is  developed  at  the 
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point  of  iiiriculiilioii  at  the  end  of  ten  or  twelve  hours,  and  the  aninoal  &it» 
within  thirty-six  liours.  The  bacilli  are  found  in  great  numbers  in  ll>« 
effused  sertitn  at.  the  point  of  iiioculfttion  and  in  comparatively  small  nnm- 
hers  in  the  blood.  A  nibbit  inncu luted  with  a  pure  culture  obtained  from  a 
mouse  died  at  the  end  of  eig'ht  days.  The  inoculation,  which  waa  nude  in 
the  ear,  gave  rise  to  a  local  erysipelatous  inflammation. 


69.   BACILLUS  CAVICIDA, 


St/nonym. — Brieger's  haoillus.  Probably  a  jiathogenie  variety  of  Bac- 
terium coli  commune  of  Eseherich. 

Obtained  by  Briej^^er  (1SH4)  fi-ora  human  faeces. 

Morphology. — Small  bacilli,  alwut  twice  as  long  as  broad  which  eloaelj 
resemble  the  colon  bacillus  of  Escherich  (Bacterium  coli  commune). 

Bioloqk'al  Characters. — An  aerobic  (facultative  auaerubic),  nonliqutff- 
ing  hacillua. 

The  growth  in  gelatin  plate  culture-s  is  said  to  bo  very  dianicteristie,  Uw 
colonies  being  "  in  the  form  of  very  beautifully  grduped,  whili&h,  cononxtrie 
rings,  which  are  arranged  like  the  rcales  unon  the  back  of  a  turtle"  ^Eaoh 
berg).  Tbe  writer  has  studied  cultures  or  this  bacillus  brought  fium  the 
baclenological  hilwratories  of  Germany,  side  bv  side  with  cultures  of  tli« 
Bacterium  coli  commune  of  Escherich,  and  has  found  no  appnv^iahle  differ- 
ences in  the  colojiies  in  gelatin  plates,  or  in  thegrowtli  in  viirious  culture 
media.  Upon  potato  it  grows  rapidly  in  the  incubating  oven,  fomiius  * 
dirty-yellow,  moist  layer. 

Pdihofienesifs. — Tliis  bacillus,  as  first  obtfline<l  by  Briegw.  was  chAm.-t*^ 
ized  by  being  very  patliogenic  for  guinea-pigs.which  vcr**  invari  I 

within  seventy-two  houi-s,  by  the  snbeutatieuus  injection  of  a  niic  i 

lity  of  a  pure  cultui'e.  The  bacillus  was  fnund  in  great  numlMTn  m  ilu? 
blood  of  animals  which  succumbed  to  an  exix-rimontal  inoculation.  TU 
writer's  expei-imenls  with  Ibis  bacillus,  made  in  lfS89,  indicate  that  its  pntbo- 
geuic  power  had  become  Mltenualf^d,  inasmuch  as  considerable  qiianlitj«  uf 
a  pure  culture  injected  into  guinoa-pisrs  did  not  cause  the  death  of  lta«  Vxx- 
njdls — culture  usvd  came  ongiuiilly  from  Germany.  Not  patbocwue  for 
rabbits  or  for  mice. 
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rU.    BACILLUS  CAVICIDA   HAVANIEN9I8. 

This  bacillus  wiis  obtjiiiied  by  tlie  writer  from  the  con  tents  of  tbei 
of  a  yellow-fever  catlaver,  in  liavana,  ISMll.  through  inoculiileil  _ 

Morphology. — A  tmcillus  witli  muniMt 
s^^^^^  from  two  to  three  «  long  and  abuut  0.7  ^  broal 

^    \.  frequently  unit<5<l  in  paii-s. 

j'jF        \^  iSM/»J!tre«dily  withtheordin«ryan{lii>»eoloMi 

BioUniical  Chai-aL'tcrit. — An  air%jh\c  ttAfii^ 

nun -liquefying,  oftivftfim^ 

cultures  the  pr  —•»-  --r/iaOa 
scanty  and  thin,  ti'  '^ff^ 

from  the  point  of  puncturu  ;  aii.;.^-  ;.,^  hat  ft 
|)iinctui-e  ara  developed  snuall,  translitcenl,  pMll* 
like,  spherical  colonies.which  hili  i  hi  r  niimii[BHil_ 
and  s<mietimes  granular.  In  prIatiB  roU  tak 
at  the  end  of  twenlj'-four  l>i>iin»  at  28* 
the  deep  colonies  are  very  sn.  s,  of  »|ali 

straw  color; latter  they  beconv'  ,;rM  lirow» 

spheres,  or  may  have  a  dark  co  <«  mcf 

rounded  by  a  transparent  »r>ne.  .  r4dal 

colonies  at  the  end  of  five  dny.t  are  small,  translucent  mantirii  of  a  pdeatni* 
color  towards  the  ceutic,  with  thin  and  irrt^^ular  marifiits,  sunaatuiM*  vitk 
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Tia.  140.- Bacillus  cavicida 
Hsvmiiieiiaia;  trom  a  potato 
culture.  X  1,000.  Froraapho- 
tomicroKni>h.    (Stember(;.:i 
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a  central  light-brown  nucleus;  at  the  end  often  days  the  deep  colonies  are 
still  quite  small,  of  a  brown  color,  nnd  opaque. 

In  gljrcerin-agarro]!  tubes,  at  tlie  end  of  twenty-four  hours,  the  deep  colo- 
nies are  in  the  form  of  a  biconvex  lens,  and  appear  spherical  when  viewed 
in  face  and  biconvex  when  seen  fnjm  tlie  side;  they  have  a  straw  color 
by  transmitted  light  and  are  bluish-white  by  reflected  light;  the  superficial 
colonies  are  trausluceut,  with  a  bluish- white  lustre. 

On  potato,  at  22  C  at  the  end  of  forty  eijwht  hours  there  is  a  thin,  dirty- 
yellow  growth  of  limited  extent;  at  the  end  of  ten  days  there  is  a  t!iiu, 
gaml)oge  yellow  layer  and  little  masses  of  the  same  color;  the  growth  is 
quite  thin,  with  ii-regular  outlines,  and  is  conSned  to  the  vicinity  of  the 
impfstrich. 

Grows  in  nutrient  agar  containing  0,3  per  cent  of  hydrochloric  acid. 
Thermal  death  i>oint  55"  C.  Grows  in  agun  coco  without  forming  gas,  and 
causes  this  liquid  and  bouillon  to  become  slightly  translucent — not  milky. 

Pathogenesis. — Pathogenic  for  guinea-pigs,  less  so  for  rabbits.  Guinea- 
pigs  inoculated  subcutaneousty  with  a  few  drops  of  a  pui-e  culture  die  in  ten 
or  twelve  hours  from  general  infection.  Thei-e  is  usually  a  considerable 
effusion  of  bloody  serum  in  the  vicinity  of  the  point  of  iooculatiou,  and  the 
spleen  is  more  or  less  enlarged. 

71.  BACILLUS  CRAS8US  SPUTIQENUS. 

Obtained  by  Kreibohra  (1886)  from  the  sputum  of  two  individuals,  and 
once  in  scrapings  fi-om  the  tongue. 

iVor/j/io/ofiry.— Short,  thick  bacilli,  of  oblong  form,  with  rounded  coruers, 
often  bent  or  t%visted — "sausage -shaped."  Immediately  after  division  the 
bacilli  are  about  one-half  longer  than  they  are  bit:)a<:l,  out  before  dividing 
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Fia,  141.— BscOliu  crssaua  sputlgeaus,  from  blood  of  mouM.    >:  TOO.    CFIOgge.) 


again  they  may  attain  a  length  of  three  to  four  times  the  breadth.  Irregular 
forms  wiln  swollen  ends  or  uneven  contour  are  frt<quent!y  seen. 

This  bacillus  is  quickly  stained  by  the  ordinary  anilme  colors  and  also 
by  Gram's  method. 

Biological  Characters. — An  aerobic,  non-liquefying  (non-motile  ?)  ba- 
cillus. Grows  in  various  culture  media  at  the  nwin  temperature — more 
rapidly  in  the  incubating  oven.  "Appears  to  form  spores  at  35'  C." 
(Fliigge). 

In  gelatin  platen,  at  the  end  of  thirty-sLx  hours,  grayish-white  colonies  are 
developed,  which  soon  reach  the  surface  of  the  gelatin  and  spread  out  as 
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round,  viscid,  gmyisli-wliite  drops,  which  project  considerablj'  above  th« 
surface  of  the  cultiire  medium.  Urnler  a  low  magnifying  power  nH^'ut  rolo- 
niesappearas  spherical,  grayish-brown  discs,  the  surface  of  which  i^  niAriced 
with  dark  points  or  lines.  The  superficial  colonies  are  more  tni  -  ii, 
have  irregular  outlines,  and   the  surface,  especially  near   the    i  a 

coarselj'  granular.  The  development  in  stick  cultures  is  very  ntiud  unu  rt- 
seuibles  tLat  of  Friedlander's  bacillus^"  nail-.shaped  "  growth.  Upon  potato 
the  "growth  is  also  similar  to  that  of  Friedliinder's  bacillus,  aud  consists  of  a 
tliicK,  grayish-white,  moist,  and  shining  layer. 

Paihogeifsis- — Mice  inoculated  with  a  small  quantity  of  a  pure  cultutv 
die  from  acute  septicaemia  in  alxiiit  forty-eight  liours.  Tfie  bacilli  arn  foanU 
in  blood  from  the  heart  and  from  the  various  organs — most  numeroas  in 
the  liver.  Rabbits  are  killed  within  forty  eight  hours  by  i  n  Ira  venous  in  jn> 
tioa  of  a  small  quantity,  and  the  blood  contjiitis  the  bat'illus  in  great  num- 
bers. Larger  aniountfi  injcct/ed  into  the  circulation  of  rabbits  or  aoga  immt 
death  in  a  few  lioui-s  (tliree  to  ten),  preceded  by  diarrhu>a,  and  in  aome  ia- 
stances  bloody  discharges  from  the  bowels.  At  the  autopsy  an  acute  gaatrch 
euteritis  is  found. 

72.    BACILLUS  PYOGENES  FCKTLDU8. 

Obtained  by  Passet  (1886)  from  an  abscess  of  the  anus. 

Morjyhology.  — Short  bacilli  with  rounded  end.s.  1.45  y/  long  and  0l56  a 
bi-oatl ;  usually  a.s.sociated  in  pairs  or  in  short  chairs. 

BinJ(){fival  Charactern. — An  ttenibie,  non-liq\wfying,  motile  baeilluc 
Grows  rapidly  iti  the  us\ial  cultui-e  media  at  the  room  temperature.  1m  ths 
interior  of  the  rods,  iu  stiiined  preparations,  one  or  two  unstained,  spherieil 
places  may  sometimes  be  seen,  which  have  been  supposed  to  be  sporM  ((>. 
The  independent  moltou  exhibited  by  tliis  bac-illus  is  not  very  active.  la 
gelatin  plates  white  colonies  are  developed  at  the  end  of  twenty-four  hoan, 
which  upon  the  surface  spread  out  as  grayish-white  plaques,  jiaTin^  adii* 
meter  sometimes  of  one  centimetre;  these  are  thickest  in  the  centre  and  of 
a  whitish  color;  the  colonies  may  become  confluent.  In  gelattn  stick  <W- 
titres  the  growth  up<.iu  the  surface,  at  the  end  of  twenty-four  hours,  coniiMi 
of  a  thin,  gi-ayish-whitc  layer  with  rnther  tJiick,  irregular  margins;  aloof  lbs 
line  of  puncture  more  or  less  crowded  colonies.  Upon  /xVa/n  the  faaeillm 
forms  an  abundant,  shining,  palc-brown  layer.  The  cultures  give  offadi^ 
agreeable  putrefactive  odor. 

Accordnig  U^  Eisenberg,  mice  and  guinea-pigs  are  killed  in  twenty-foor 
hours  by  injectimis  beneatti  the  skin  or  into  the  cavity  of  the  abdomea,  and 
numerous  bacilli  are  foimd  in  the  blood. 


73.   PROTBU8  HOHINIS  CAPSULATUS, 

Obtained  by  Bordoni-Uffreduzzi  (1887)  from  two  cadavers  nreeentiof  the 
pathological  appearances  of  tlie  so-called  "  Hadernkrankheil.* 

Morphoht^m. — Bacilli,  varying  considenibly   in  dimensions;  sumMnrii 
thicker  than  the  anthrax  bacillus;  often  swollen  in  the  middle  ur  at  tkei 
tremities;  more  or  less  curved;  isolated,  united  in  pairs  or  in  ion^  fllj 
in  stained  prei>ai*ations  from  agar  cultures  or  from  blood  the  bacilU  < 
rounded  by  a     capsule." 

Stains  with  the  usual  aniline  colors  and  also  by  Oram  a  method. 

Biological  Chamctera. — An  aSrobic  (facultative  anaerobic  0.  wc 
tng.  non-motile  bacillus.     Formation  of  spores  not  obserred.     Ormn 
e  usual  culture  media  at  the  room  temperature.    At  a  temperature  of  \i' 
17°  C  long  filaments  are  formed,  in  which  tlie  bacilli  are  surrounded  witll4 
capsule ;  at  22  to  24  C.  the  bacilli  are  for  the  most  part  isolated,  but  fe«rj 
ments  being  formed  ;  at  32°  to  37^  C,  the  bacilli  are  so  short  aa  to 
micrococci;  development  ceases  at  a  temperature  of  8°  aud  iavwydowf 
18   C. 
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This  bacillus  grows  as  well  in  an  acid  medium  as  in  onft  which  is  slightly 
alJcaliae.  In  gelatin  plates,  at  tlieend  of  eighteen  to  twenty-four  hours, 
colonies  are  formed  which  under  a  low  jxiwer  are  seen  to  be  spherical  jtud 
to  contain  a  quantity  of  sliiniug  gmnulos;  the  following  day,  at  a  t«mp<Ta- 
ture  of  15'  to  17  0.,  the  colonies  may  bo  as  large  as  a  pin's  head  and  still 
remain  spnerical  or  slightly  oval,  but 
the  outline  is  no  longer  so  uniform, 


•  .'••• 
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Fto.  148,— Protens  hominia  cspanlatds,  from 
IWer    ot  mouse,     x  I,O0O.     CBordiMii.Ultr» 
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and  between  the  shining  points  in  the 
interior  a  confused  network  may  l>e 
seen;  as  the  colony  becomes  larger  it 
is  raised  above  the  surface  of  the  gela- 
tin, becomes  Of>aque.  and  has  a  [Mairly 
lustre  like  that  of  Frieillander's  bacil- 
lus. In  gelatin  stick  citltitrea  the 
growth  resembles  that  of  Friedliin- 
der's  bacillus — "  nail-sihaped  growth." 
Upon  the  surface  of  nutrient  ayar  a 
rapidly  extending,  semi  transpai^ent 
layer  is  formed.  Upon  potato,  at  15 
to  17'  Cat  the  end  of  twenty-four 
hours  transparent  drops  are  seen  in 
the  vicinity  of  the  pomt  of  inocala- 
tion,  and  later  a  moist,  shining,  cfilor- 
less  layer,  of  tough  consi.stence,  is 
fomied.  which  gradually  extends  over 
the  surface.  The  growth  upon  bfuixi 
aerum  resembles  tliat  u]x>n  nutrieut 
agar,  and  the  blood  serum  is  not  liejuefied'.  In  liquid  blood  serum  or  in 
bouillon  the  bacilli  are  i.solated — not  in  filaments;  they  cause  acloiidingof 
the  liquid,  and  an  abundant  dejxjsit  accuitiulales  at  the  bottom  of  the  tube, 
while  a  film  of  bacilli  forms  upon  the  surface.  The  cultures  never  give  otf 
a  putrefactive  odor. 

PathoijeneKiH, — Pathogenic  for  dogs  and  for  mice,  less  so  for  rabbits  and 
for  guinea-pigs.  Agar  cultures  grown  in  the  incubating  oven  at  33^  to  37 
C.  are  more  pathogenic  than  cultures  in  gelatin  at  the  room  temperature. 
A  small  quantity  of  a  recent  culture  injectetl  .subcutaneously  in  mice  causes 
thetir  death  in  from  one  to  four  days,  according  to  tlie  quantity  and  age  of 
the  culture;  the  recent  cultures  are  most  virulent.  When  tbe  animal  Tivea 
more  than  twenty-four  htmrs  it  htw  a  niucou.s  diarrhoea.    At  the  autopsy  the 

Sleen  is  found  to  be  much  enlarged  and  dark  in  color  ;  the  lyiiiphatic 
ands  are  also  swollen  and  hjemorrha^c,  the  liver  and  kidneys  hypora-mic; 
in  the  vicinity  of  the  point  of  inoculation  is  a  subcutaneous  cedema  of  jelly- 
like appearance  *uid  numerous  punctiform  haemorrhage*  are  seen.  The  ba- 
cillus is  found  in  great  numbers  in  the  ett'iLsed  serum  from  the  subcutaneous 
tissues,  in  the  blood,  the  coiilents  of  tlie  intestine,  and  in  the  parenchyma  of 
the  various  organs.  When  examined  at  once  the  kwiili  in  the  subcutanetius 
cedemaaiid  in  the  lymphatic  glands  are  usually  quite  short,  and  even  spherical, 
while  in  the  btixKl  they  arc  somewhat  longer  and  may  appear  as  Bhort  fila- 
ments with  swollen  enas,  surrounded  by  a  capsule.  When  the  examination 
is  made  some  time  after  the  death  of  the  animal  longer  filaments  nn>  quite 
numerous.  Rabbits  and  guinea-pigs  are  killetl  by  the  intravenous  injection 
of  comparatively  small  amounts  of  a  recent  culture,  but  quite  large  doses 
are  rwjuired  to  produce  a  fatal  result  when  the  injection  is  made  oeiieath 
the  skin.  From  two  to  three  cubic  centimetres  of  a  recent  culture  injected 
into  the  circulation  of  a  dog  give  rise  to  symptoms  of  toxfemia,  and  the  ani- 
mal usually  dies  on  the  .second  day.  At  the  autopsy  the  abdominal  organs 
are  found  to  be  hyperaemic,  the  mucous  membrane  of  the  intestine  swollen, 
red  in  color,  and  covered  with  blno<ly  mucus.  The  bacillus  is  found  in  the 
blood  and  in  the  various  oi-gans.  When  smaller  do.ses  are  iniected  into  a 
vein  (a  few  drops)  the  animal,  after  a  few  hours,  has  a  mucous  diarrhvea  and 
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vomiting,  or  efforts  to  vomit.    Death  usually  occurs  at  the  end  of  two  orj 
three  ilnys.     At  the  autopsy  the  spleen  is  found  to  be  uornial.  the  other  or«i 
guns  slightly  hypeiteraic,  and  the  intestinal   mucous  uieinbraue  in  a  state  of 
cattirt'lml  iuflanimation.     The  bacilli  are  found  in  the  blood  and  in  the  van- 
ous  organs  in  considerable  numbers. 

71.    PROTEUS  CA.P8ULATUS  8EPTICUS. 

Obtained  by  Banti  (1888)  from  a  case  of  "  acute  haemorrhaeic  infectioiL 

Accordiiig^  to  Banti,  this  is  ]>ossil>ly  identical  with  tlie  preceding^  i 
Proteus  homniis  capsulatus — but  in  some  respects  more  nearly 
Friedlander's  bacillus. 

75.    BACILLUS  ENTERITIDIS. 

Obtained  Uy  Giirtner  (1S88)  from  the  tissues  of  a  cow  wliich  was  killed  ia^ 
consequence  of  an  attack  cliai-acterized  by  a  mucous  diarrhoea,  and  also  fwn   ' 
the  .spleen  uf  a  laau  who  died  twelve  hours  after  eating  the  lltsh  of  tiii* 
aiiiiuat. 

Morpfufloqy. — Short  bacilli,  about  twice  as  long  as  broad,  frequeatlj  united 
in  pairs;  chaius  of  four  to  six  elements  are  sometitues  seen. 

Stains  with  the  u.sual   aniline  colors,  and  presents  the  peculiarity  of 
staining  deeply  at  one  end  while  the  remainder  of  the  rod  is  but  sligndvj 
stained.     When  two  bueilli  am  united  the  deeply  stained  ends  are  in  appai«n 
tion. 

Biological  Characters. — An   aerobic,   non-liquefyitig,    motile  hocilhn. 
SiJore  forinatioij  not  determined.     Grows  in  the  usual  culture  nx^iaot  tb*^ 
roDin  lemiMjrature.     U]>on  gelniin  plates  pale-gray,  superii<'ial  colonies  i»r«l 
formed  at  the  end  of  twenty-four  hours;  under  a  low  power  thttse  are  »»^<•ll  i 
to  he  coarsely  granular  ami  trausjiarent;  the  central  portion  usually  pr;- 
seats  a  greenish  color  ;  deep  colonies  are  spherical,  indistinctly  gmnular, 
and  of  a  hmwni.sh  culor  ;  in  older  colonies  a  marginal  tranHoait-nt  cuue  aj 
seen  wliich  appeai-s  to  be  made  up  of  minute  fragments  of  glans  of  a  pwJ*- 1 
brown  color.     la  gelatin  stick  cidttnes  but  slight  development  occurs  aiou^j 
the  line  of  puncture;    upon   the  surface  a  thick,  grayish-whilo  layer  tt' 
formed,  which  after  a  time  becomes  very  much  wriuklwl'     U|>riii  the  8urfat«  | 
of  fij/ar,  at  37'  C,  at  the  end  of  eighteen  to  twenty  hours  a  jriMvis)! 
layer  has  formed.     Upon  potato  a  moist,  shining,  yellowish  -r  i*j 

developed.     The  growth  upon  blood  serum  is  rapid  in  the  1<  g^f\ 

layer  ulotig  the  line  of  inoculation. 

Pathotfeiiejiis. — White  mice  and  house  mic«  usually  die  in  f n>m  one  l*^ 
three  days  when  fed  with  a  ptire  culture  of  this  bacillus,  HabbitA  and  ffut*  i 
nea])igsdie  in  from  two  tr>  five  days  from  subcutaneous  inje»ctioii»— i«^«( 
jNitliogenic  for  pigeons  and  canary  birds.  Dogs,  cats,  chicken.s,  and  ^ipamiirt^ 
are  immune.  A  goat  died  in  twentv  hours  after  receirin?  an  intrav»motti 
injection  ijf  two  cubic  centimetres  of  a  culture  in  bl<>' ■'  -  '""'         lurt- • 

pal  pathological  api^iefiraui-u  consists  in  an  intense  iv  •   ii»- 

lestinal  mucou.s  niembtime.     The  bacilli  are  found  in  uioou  m.iu  lut?  ii«wi| 
and  also  in  the  contents  of  the  stomach. 


70.    BACILLUS  OF  GROUSE  DISEASE. 

Obtained  by  Klein  ftSS9)  from  the  lungs  and  liver  of  grouse  whidi 
succumljed  to  an  epidemic  disease. 

Morphology. — Bacilli   witli   rounded  ends,    from  0.8  lo   1.6  m  hmg;  may j 
also  be  seen  as  spherical  or  oval  cells  (I.  f)  ^  long  and  0.4// thick;  aolilsfjr,  ia 
pairs,  or  in  chains  of  three  to  four  elements. 

6'fams  best  with  Weigert's  solution  of  methylene  bluo  iri  aniline  vater. 

Biological  Charat'tcrs  — An  aerobic,  tion-liqiiffyinq,  »■  •  hariltiift,  i 

Spore  formation  not  observed.    Grows  in  the  usual  cul.  .  «liitattha| 
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room  temperature — better  in  tlie  incubating  orcn.  Upon  gelatin  plates,  at 
20°  C.,  at  the  end  of  twenty-four  hours  small,  angular,  transparent  scales 
may  bo  seen  upon  the  surfuco  with  a  low  power  lens;  at  the  end  of  tliree  or 
four  Jays  these  form  Hat,  more  or  less  irregular,  shining,  gray  colonies,  with 
thin  and  often  dentate  margins;  these  colonies  may  become  confliit'iit  and 
form  a  dry,  scaly  layer  which  by  reflected  light  baa  a  peculiar,  fatly  lustre 
In  gelatin  stick  ciiltures  the  superficial  growth  is  in  tlie  forui  of  a  trsins- 
parent,  dry.  gmyish  layer  with  dentate  margins,  not  more  than  three  to  five 
millimetres  in  diameter.  Upon  agar,  at  36°  to  37'  C,  a  thin,  whitish-gi-ay, 
dry  layer  is  formed. 

i-*a//i«fl(enest«.^PatliogL'nic  for  mice,  for  guinea-pigs,  for  linnets,  and  for 
^reen- finches;  less  so  fur  sparrows.  Cliickens,  pigeons,  and  rabbits,  accord- 
ing to  Klein,  are  immune.  Uf  eight  mice  inoculateil  subcutaneously  with 
one  or  two  drops  of  a  Ijouillon  culture,  six  died  within  fortr-eight  hours 
and  two  recovered.  Out  of  eight  guiuoa-pigs  inoculated  in  tlie  same  way 
four  died  in  forty-eight  hours  and  two  recovered.  At  the  autopsy  the 
lunga  and  liver  were  found  to  be  hypersBTnic,  the  spleen  not  enlarged.  The 
bficiili  were  present  in  large  numbers  in  blood  from  the  heart  and  in  the 
lungs. 

77.   BACILLUS  QALLINARUM. 

Obtained  by  Klein  (1889)  fmrn  the  blood  of  chickens  which  succumbed 
to  an  epidemic  disease  re.wmbli ng  ''  fowl  cholera."  Tiie  biwilhis  is  believed 
by  Klein  nottolw  iilentical  witli  Paj^teur's  bacillus  of  fowl  cholera,  and  is 
Kiid  not  to  ba  pithogenic  for  rabbit-i,  which  would  seem  to  ditFerentiate  it 
from  this  biicillus  (Bacillus  septi(';emiic  h.-emorrliagicxe). 

Morpfwhmy. — Bacilli  with  rounded  ends,  from  0.8  to  2  /^  long  and 
0.3  to  l>.4  u  thick ;  often  in  jjairfi. 

Stains  with  the  usual  aniline  colors. 

Biological Chamctera. — A.ii  aerf>bic,  non-liijuefr/ing,  iioii-inotile  bacillus. 
Does  not  form  sjMjre.*?.  Grows  in  llie  usual  culture  tnodia  at  the  rotjm  tem- 
perature— better  in  the  incubating  oven.  Upon  gelatin  plates  forms  grayish- 
white,  superdcial  colotiies,  which  later  present  the  appearance  of  tlat,  homo- 
geneous, whitish  discs  with  thin  edges  and  irregular  margins,  and  by 
transmitted  lijjht  have  a  brownish  color.  Tlie  deep  colonies  are  small  and 
spherical,  and  have  a  brownish  color  Ijy  transaiitted  light.  In  tjelafiu  stick 
cultures II  thin,  gray  layer  with  iri-egular  margins  and  of  limited  e.xtent 
forms  upon  the  surface,  and  a  scanty  gi-owth  occurs  along  the  line  of  punc- 
ture in  the  form  of  a  grayish-wliite  line.  Upon  the  surface  of  agar,  at 
37'  C,  a  thin,  gray  layer  with  irregular  margins  has  developed  at  the  end  of 
twenty-four  hours ;  later  this  e.xterjds  over  the  eutiit!  surface  as  a  thin,  gray- 
ish-white layer.  No  growth  occurs  ui>on  potato  at  37  C.  In  bouillon,  at  37' 
C,  development  occurs,  with  clouding  of  the  Imuillon,  within  twenty-four 
hours;  later  a  deposit  consisting  of  bacilli  is  seen  at  the  bi>ttom  of  the  tube, 
but  no  film  forms  upon  the  surface. 

P«.//tof;t;)«,ws.— Chickens  inoculated  subcutaneously  with  a  pure  culture 
die  iu  from  twenty-four  hours  to  eight  or  utno  days.  Pigeons  and  rabbits 
are  immune. 


78.    BACILLUS   SSIARAQDINUS   FCETIDUS. 

Obtained  by  Beimann  (1887)  from  the  xiuaal  secretions  in  a  case  of 
ozfena. 

yfurphology. — Small,  slender,  slightly  curved  bacilli,  about  lialf  as  large 
ftg  the  tul>ei'cl6  bacilli;  usually  arranijed  in  parallel  groups. 

Biological  Oka racters.  — Anaerobic  and/ti€ idtaii  w a nae. rclnc,  liquefying 
bacillus.  S[K)re  formation  nut  observed.  Grows  slowly  at  the  room  tem- 
perature in  the  usual  culture  media— monj  r«])tdly  at37  C.  In  gelatin  stivJe 
cultures  development  occurs  along  tlio  lino  of  puncture,  and  at  the  end  of 
forty-eight  houi-s  a  slight  liiiuefactlon,  in  fi>rm  of  a  funnel,  occura  near  the 
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surface',  after  the  eigfatli  da7  liquefaction  progresses  more  rapidly.  Abo«t 
tlie  sixth  day  a  bright-green  color  is  recognized  in  the  upper  part  of  the  tnha 
by  i-eHected  light.  Uixm  agar  platen,  at  37  C.  at  the  end  of  forty-ei|^ 
hours  miuute  colrnjies  ai-e  fonued,  of  irregular  form,  which  have  a  vhito 
color  with  a  shttde  of  grt-fri ;  in  older  colonies  the  central  portion  may  bi 
finely  granular  and  bi-owiiinh  yellow  in  color,  while  the  marginal  sone  k 
more  traiisiiaifnt;  the  agar  hius  by  reflected  light  a  deep  eineraltf  green  cwJor. 
In  agfir  stick  culturen,  at  iheeud  of  twenty  hours,  an  abundant  developmeol 
has  occurred  without  color;  at  the  end  of  forty  eight  hours  the  cultura  me- 
dium isof  ahri^ht  green  eoloi'tliprnighoul;  later  the  color  changes  tobrova. 
A  dirty-yeliow  layer  forms  ujmn  the  surface  of  the  aMr.  Upon  potato,  at 
37'  C,  a  dark-brown  layer  forms  in  the  vicinity  of  the  line  of  inocxUatioa; 
later  this  is  chocolate  brown. 

The  cultures  in  gelatin  and  agar  give  off  a  peculiar,  penetrating  odor 
similar  to  that  of  jasmin. 

Path'Mjenesis.  —  PAihof^nic  for  rabbits  when  injected  into  a  Tcin  or  mb- 
cut;«neously.  Death  occurs  iti  fi-om  thirty-six  to  forty-eight  hovira.  At  tlM 
auto]>8y  htemorrliagic  extravasations  are  found  beneath  tiie  pericardium asd 
tlie  pleurre;  abscesses  in  the  lungs  and  liver.  The  bacilli  are  found  ia  tlM 
blood  and  in  the  variotis  organs  in  large  numbers. 

79.   BACILLUS   PNKUMOSEPTICUa. 

Ohtainrd  by  Babes  (1889)  from  the  blood  and  tissues  of  an  individnal 
died  of  spjjtie  pneumonia. 

Afoj-p/o/oyw.— Small,  straitrht  bacilli  about  0.2  m  thick. 

Stunts  witfi  the  usual  aniline  coloi-s,  but  not  by  Gram's  method. 

Biolofficai  Characters. — An  aBrobicaud  facultative  anaerobic, 
fyi^iU^  nan  motile  bacillus.  Spore  formation  not  observed.  Growa  in 
usual  culture  media  at  the  room  temperature.  Upon  gelatin  platma  ■upeifl- 
cial  colonies  arc  fin*med  which  are  Hat,  irregular  in  outline,  whiUab,  duBxac. 
and  semi  transparent;  undera  tow  {)ower  finger  like  offshoots  are  <K<eaabaa( 
the  [jeriphery.  In  gelatin  stick  culttires  au  abundant  devt-lopmrnt  ocean 
along  the  line  of  puncture;  the  colonies  give  off  a  strong ';'  :«  odor. 

Upon  the  surface  of  of/ar  small,  whitish,  flat,  shining  coin  !i  ill  da- 

fined  outhues  ai"e  fi>rnie«l,  which  Bo«>n  become  confluent  aiul  Oivt-r  the  for* 
face;  an  aburidarit  wiiite  deposit  is  seen  in  the  condensation  water.  UpnQ 
potato  a  moist,  white  layer  is*  formed.  Upon  blmul  ttertim  circular,  wliitab, 
transparent  colonies  are  formed  along  the  line  of  inoculation,  whidl  loaa 
coalesce. 

FathfMjeneAis. — Very  pathogenic  for  rabbits,  guinea-pigs,  and  mioa  wbott 
injected  subcutaneously  in  small  amount.  The  animals  die  in  froa  t*o  to 
three  days  without  any  uoticeiible  loc^I  inflammation  and  with  a/nplO0is<if 
septie:umia.  Tbe  lungs  and  spleen  are  found  to  be  hypersBmi«,  TbabwsHt 
are  fouud  in  the  bloiHl  free,  or  sometimes  enclosed  in  the  leiicoejtM;  tbfy 
are  only  found  in  sniull  numbers  in  the  capillaries  of  the  internal  ocfiaa 
Cultures  gradually  lose  their  virulenoe  when  propagated  in  artiOetal  nedis. 


80.   BACILLUS  CAPSULATUa. 


rlueb 


Obtained  by  Pfeiffer  (1889)  from  the  blood  of  a  guinea  pig 
spontaneou.sly. 

Morphology. — Thick  bacUli  with  rounded  end.s,  usually  two  or  (Jhwa 
times  as  longas  broad;  often  united  in  chains  of  twoor  thrcon  eleinaiit*:  out 
grow  out  into  homogeneous  filaments.    Stained  prepar  •  '     -  tli*  bi- 

cilli  to  be  enveloped  in  an  oval  capsule  which  mav  M  '  •<ttmJlm 

than  the  bacilli  themselves — two  to  Ave  times  aa  broiiti .    .<  .■•  >.j  ^^-ivial  ba- 
cilli are  united  they  are  surrounded  by  a  single  capsular  envninrpa. 

Stains  with  the  usual  aniline  colors,  but  not  by  Oram's  turthod.  Infr^ 
parations  which  are  deeply  stained  with  hot  fuchsin  or  gentian  vinhl  ■!>- 
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tion  the  capsule  is  so  deeply  stained  that  the  bacillus  is  hidden;  by  careful 
ti-eatmeut  wiiri  a  vrc-.xk  Rcilutinn  of  acetic  acid  the  capsule  may  be  ditt'eren- 
tiat«d  as  a  pale-re«.l  or  violet  envelope  sunxjundiiig  the  deeply  stained  bacilli, 
Biotogical  Cliaraetevs. — An  aer- 


obic  and  fnvuUatict'  oiiaenibic, 
TioH  liquefying,  non  mutile  bacillus. 
Spo>"e  foriiiation  not  observed. 
Grows  in  the  usual  culture  media 
at  the  rtKjm  tenijjemture.  The  cul- 
tures in  agaror upon  potatoare  very 
viscid  and  draw  out  iuto  long 
threiids  when  touched  with  the  pla- 
tinum needle:  the  blood  of  an  ani- 
mal killed  by  inoculation  with  this 
bacilJus  has  the  same  viscid cliai-ae- 
ter.  Upon  gelatin  platen  niiiiute 
colonies  are  first  visible  at  the  end 
of  twenty  four  to  thirty-six  hours; 
later  the  dee])  colonies  are  white, 
oval  masses  tlie  siiie  of  a  pin's  head: 
tlie  superficial  colonies  attain  the 
size  of  a  lentil,  and  are  flattened, 
hemispherical  ntasses  with  a  porce- 
lain-white coloi-.  In  gelatin  stick  ^'°  Ha.-BacilluscapMiUatug,  from  peritoneal 
cultureg  growth  occurs  to  the  bot-  ef"""***  "'  an  Inoc-ulated  guluen-plg.  X  1,000. 
torn  of  the  Une  of  puncture,  and  on  F"""  » Photomicrograph.  iFfelffer.) 
the  surface  a  shining  white,  circular, 

arched  m.is.1  forms  around  the  point  of  puTictui-e,  resembling  the  prowth  of 
Frie<llander'8  bacillus.  Upon  tlie  surface  of  agm;  at  y?  C,  at  tlio  end  of 
twenty-four  hours  a  thick,  soft  layer  f»f  a  pure  white  color  is  formed,  which 
is  very  viscid  and  resemble.s  the  g-rowlh  of  Micrococcus  tetni^nus  uuou  the 
same  medium.  Uik>u  potato  an  abundant  and  viscid,  sbiulng,  yellovvisli- 
white  layer  is  quickly  developed. 

Pathogen*^ SI ^. — Pathogenic  for  white  mice  and  for  house  mice,  which  die 
at  the  end  of  two  or  three  d-uv-s  after  being  inoculated  at  the  r<KJt  of  the  tail 
with  a  small  quantity  of  a  pure  culture.  Imxjulatiou  from  mouse  to  mouse 
increases  the  virulence  of  the  cultures.  At  the  autopsy  the  superficial  veins 
are  distended  with  blood,  the  ing'uinal  glands  onlarged,  tlie  spleen  consid- 
erably enlarged,  the  liver  and  kuiueys  liypeiiemic,  the  intestine  pale,  the 
heart  distended  with  blood,  which  usually  is  verv  viscid  and  is  drawn  out 
into  thi-eads  when  touched  with  the  platinum  needle.  The  bacilli  are  found 
in  the  blood  and  in  all  of  the  organs,  in  the  contents  of  the  peritoneum  and 
j>lenrffi,  and  in  tlie  e.xudato  in  the  vicinity  of  tlie  jKnnt  of  inwulation. 
Pathogenic  also  for  guinea  pigs  and  forpig'eona;  guinea-pigs  are  infallibly 
killed  witbin  thirty-six  hours  by  the  injection  of  a  single  drop  of  a  bouillon 
culture,  twentj--four  hours  old,  into  the  cavity  of  the  abdomen;  the  blootl 
contains  the  bacillus  iu  enonnous  numbers,  as  does  the  viscid  fluid  found  in 
the  peritoneal  cavity.  Ribhits  do  nut  succumb  to  intraperitoneal  or  subcu- 
taneous inoculations,  i>uL  are  killed  by  the  intravenous  injection  of  one 
cubic  centiuietfo  of  a  recent  bouillon  culture.  Putrefactive  changes  occur 
very  quickly  in  animals  killed  by  inoculation  with  tlus  bacillus. 


81.    BACILLUS   HTDROPHILDS   FUaCUS. 

Obtained  by  Sanarelli  (1891)  from  the  lymph  of  frogs  suffering  from  a 
fatal  infectit)us  disease. 

yforphology. — Bacilli  with  roun<led  ends,  usually  from  Ita^  ft  in  length ; 
often  short  oval;  may  grow  out  into  tilaments  of  12  to  20  //  in  length. 

Biological  Characters. — An  aerobic,  liqivefying,  motile  Imcillus.  Grows 
in  the  usual  culture  media  at  the  room  temperature.    In  gelatin  stick  cul- 
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ttires,  at  18°  to  2n    C,  liquefaction  lias  already  commencetl  alongf  ih«  ]io*nf 

puncture  (it  till' eml  I jf  tivelve  hours,  and  at  the  end  of  thirty-wx  to  fortr- 

eigla  hours  half  of  thfi  gelatin  is  liquefied  in  funnel  shape;  on  the  Uiinl  c>r 

fourth  day  the  jj^elatin  is  completely  lique- 

fied,  and  a  thick,  while,  flocculent  deposit 

is  seen  at  bottom  of  the  tube.     In  glycerin- 

agar,   at  37'  C,   a  sliglit,    bluish,   diffuse 

fluorescence  is  seen  upon  the  surface  at  the 

end  of  twelve  hours,  and  soon  after  a  luxu- 
riant growth,  wliich  st>on  covers  the  entire 

surface,  is  developed ;  at  the  end  of  twenty- 
four  to  thirty-six  hours  large  gas  bubbles 

begin  to  form   in  tlie  agar;  gradually  the 

fluorescence  disappears,  the  surface  growth 

becomes  thicker  and  has  a  dirty-gray  color 

which   changes  later  to  biv^wnisn.     Blood 

serum  is  a  favorable  medium  and  is  Rijndly 

liquefied  by  this  bacillus.    Upon  potato  tlie 

growth  is  most  characteristic.     At  the  end 

of  twelve  hours  a  thin,  straw-yellow  layer 

is    developed    along    t!ie    inipfstrich;    mis 

gradually  becomes  yellow,  and  at  the  end 

of  four  to  five  days  has  a  brawn  color,  resembling  that  of  the  glanden  laeiU 

lus  u[>on  potato. 

Pathf(}enegia. — Pathogenic  for  frogs,  toads,  lixards,  and  olh  "eoH- 
blooded ''  animals;  also  for  guinea-pigs,  Tabbifai,  dcf«, 
cats,  mice,  chickens,  and  pigeons.  When  a  few  droMof 
a  bouillon  culture  are  injected  into  t)ie  moscles  oC  IW 
thigh,  swelling  and  reduass  at  the  point  of  inucnlaiioa 
are  quickly  developed,  and  death  usually  occurs  in  tfi|^ 
to  ten  hours.  The  Imcilli  are  found  in  great  niuobaniB 
the  bkxMl  and  in  all  of  the  organs.  Guinea  pigt  di»fraa 
general  infection  within  twelve  hours  after  KMirUff* 
sub<-utaneous  injection  of  a  small  amount  of  a  vnrtCBl- 
ttuv;  the  spleen  is  enlarged  and  the  liver  and  B^eeabT- 
pen«"mio ;  an  e.Kteusive  inflammatory  oe<lema  in  thaxicis' 
ity  of  the  inoculation  wound  is  frequently  ohaerred;  tk* 
bacilli  are  very  lunnerous  in  the  blood  and  in  all  tiiaer- 
p^n&.  Rabbitsdie  in  five  to  ai.v  hours  from  un  intrarmoa* 
injection.  Adult  dogs  are  immune,  but  new-bom  dngt 
(throe  to  four  days  old)  die  infallibly,  aftier  reoHviaf  ft 
subcutaneous  injection  of  a  small  quantity  of  a  paraeH}> 
ture,  in  twelve  to  thirty-six  hours.     A'  itaal»nv> 

cumb  to  similar  inoculations.     Chick  ptyaoaifii 

within  five  to  seven  hours  after  receiving:  .m  uibravaMMB 
injection,  but  resist  subcutaneous  injections. 

82.    BACILLUS  TENUIS  8PUTIOKXUS. 

Obtaine<l  by  Pan.sini  (1890)  from  sputum. 
Moi-jfhulogtf.  -  Short    bacilli,  usually  in  pairs  jUKi«3^ 
rounded  by  a  capsule. 

Stains  aj  Gram's  method. 

Biological  Characters.— kn  agrobie,  non-tiaiuffi 
nnnviotile  hacMwi.    Grows  in  nutrient  s«latm  at  < 
room    temperature..    Develops   abundantlj  oa  mi 
Coiigulates  milk  and  produces  an  acid  reaeUoo  IB 
medium. 
—  Patiiogenic   for  rabbits  and  white  rats;  not  forj 
mice  (i'l  small  doses). 


Tia.  145.— Baclltua 
hydrophilua  fiiJciis; 
culture  In  nutrieat 
gelatin,  end  of  lix- 
teen  hour*.  (SaoA- 
rslU.) 

Pathoqencais. 
pigs  or  for  white 
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83.    BACILLUS   OF   LASER. 

Obtained  by  Laser  (1892)  from  mice  which  succumbed  to  an  epidemic  dis- 
ease iu  Frfinkel's  laboratory  at  Konigsberg. 

In  its  characters  this  baciltus  closwly  res4?rab]eH  the  bacillus  of  swine 
plaeue  (No.  65),  and  is  perhaps  identical  with  it. 

Morphology. — A  small  baeilhi.s,  with  rounded  ends,  about  twice aa  long 
as  bn.iad.     Has  flagella  Ujlh  at  the  extremiiies  and  sides. 

Stuiiin  by  the  usual  aniline  colors  and  also  by  GTOm's  method. 

Biological  Characters. — An  aerof)ic  atul  facultniitv,  anaerobic,  }ion- 
liqiiefying,  acfhvly  mo<j7e  bacillus.  Spore  fonnatton  not  observed.  Grows 
either  iu  tlie  incubating'  oven  or  at  the  room  temperature.  Thermal  death- 
point  65°  to  70  C. — ten  minutes'  exjxwure.  Upon  gelatinplateit,  at  the  end 
oftwo  days,  the  deep  colonies  are  spherical,  finely  granufiir,  and  brownish 

■  in  color;  the  su[>erficial  are  transparent,  finely  granular,  and  leaf-like. 
In  gelatin  «^fcfc  ci(?^<nrs  growth  ocxurs  along  the  entire  line  of  puncture  as 
well  as  u|ion  the  surface.  At  the  end  of  three  days  a  considerable  evolution 
of  gas  is  usually  observeti.  In  agar  an  abundant  devolopuient  is  seen  at  the 
end  of  twenty-four  houra  in  the  incubating  oven;  upon  the  surface  a  gray- 
isii-whtte,  shiiuiig  layer  with  dentate  margins  is  formed  along  the  track  of 
the  needle.  In  boiiiiloti,  at  37'  f .,  developmeTit  is  abundant  and  rapid;  a 
thin  film  is  formed  on  the  surface  at  the  end  of  the  second  day.     Upon  potato 

I  a  brownish  layer  is  formed  at  the  end  of  twenty-four  hours.    In  milk  an 
acid  reaction  is  produced. 
Pathogenesis. — Pathogenic    for    field  mice,   guinea-pigs,     rabbits,    and 
pi^ons.     The  bacillus  is  found  in  the  blood  and  various  organs  of  infected 
uuce.    The  spleen  is  found  to  be  greatly  enlarged. 


84.   BACILLUS  TYPHI   MUKIU.M   (Loffler). 


Obtained  bv  LolJier  (1889)  from  mice  which  died  in  his  laboratory  from 
,  epidemic  disease  due  to  this  bacillus. 

MorphoU^gy. — Short  bacilli,  resembling  the  bacUiua  of  diphtheria  in 
pigeons,  and  varying  considerably  in  dimensions — like  the  bacillus  of 
typhoid  fever;  grows  out  into  tiexible  lilauients. 

Stains  with  the  aniline  colors— best  with  Loffler's  solution  of  methylene 
blue. 

Biological  Characters. — An  aerobic  and  facultative  anairobic,  non- 
Uquefuing,  moC(V«  bacillus.  Spore  formation  not  determine*!.  Has  llagella 
around  the  periphery  of  the  cells,  like  those  of  the  typhoid  bacillus,  and  ex- 
hibits similar  active  movenieuts.  In  gelatin  etick  vultures,  at  the  room 
temt)erAtui-e,  growth  occuiTiupon  tiie  surface,  at  the  end  of  forty -eight  hours, 
in  the  form  of  a  flat,  grayish-white,  round,  semi-transparent  mass  the  size  of 
a  pin's  heful ;  later  tlie  surface  colony  increases  in  extent  and  has  more  or 
less  irregular  margins.  In  gelaliri  plate  ciilttirea  tlie  deep  colonies  are  at 
first  round,  slightly  granular,  trauspai-cut,  and  grayish;  later  they  are  of  a 
yellowish-brown  color  and  decidedly  granuhir.  The  superficial  colonies  are 
verv  granular  and  marked  by  delicate  lines — similar  to  colonies  of  the 
typuoid  bacillus.  Upon  agar  a  grayish- white  layer  ia  developed  which  is 
not  at  all  cliai-acteristic.  Upon  potato  a  rather  thin,  whitisli  layer  isforined, 
and  around  this  the  potato  acquires  a  dirty  bluish-gray  color.  In  milk  an 
abundant  development  oi-cui-s,  and  a  decidedly  acid  reaction  is  produced 
without  causing  any  perceptilile  change  in  the  appearance  of  the  fluid. 

Pathogenesis. — Pathogenic  for  white  mice,  which  die  in  from  one  to  two 
weeks  after  infection  ;  also  to  field  mice,  which  succumb  to  subcutaneous  in- 
jections of  a  pure  culture,  and  also,  in  from  eight  to  twelve  days,  when  fed 
upon  potato  cultures  or  broad  moistened  with  a  small  quantity  of  a  Ijoiiillon 
culture.  LoRler  believes  that  this  bacillus  maybe  used  for  the  destruction 
of  field  mice  iu  grain  fields,  inasmuch  as  they  invariably  die  after  ingesting 
fotxl  which  has  Been  coatamiuated  with  it,  and  alsu  from  eating  the  bodies 
32 
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of  other  mice  which  have  died  as  a  result  of  infection.  House  mice  are  also 
sust'eptible.  Rjibbits,  tjuiuea  pigs,  pigeons,  and  chickens  were  found  by 
LolHer  not  to  besusctiptibie  to  infection  by  feeding. 

86.    BACILLUS   OF  CAZAL   AND    VAlLLAJiD. 

Obtained  by  Cazal  and  Vaillai-d  (1S91)  fnnn  cheesy  nodules  uwjn  the 
peritoneiiin  and  in  the  pancreas  of  an  iudividuiU  who  died  in  the  nospital 
at  Val  do  Gi-jice. 

^forphol^my.—BacU]i  with  rounded  ends,  but  little  longer  than  they  are 
broad;  solitary,  in  pairs,  or  in  chains  of  ten  to  tifteen  or  more  elements. 

Sfniiis  witJi  the  usual  aniline  colors,  but  not  by  Gram's  metho«l:  the 
extremities  of  the  rods  are  more  deeply  stained  than  the  central  portion — 
"polar  stainintr." 

Hiolo^ical  Characters. — An  nercAtic  and  facultative  anaerobic,  liqnefij- 
ing,  motile  baeil  lus.  Does  not  form  spores,  (rrows  in  the  usual  culture  meilia 
at  the  room  tomnerature— more  rtipidly  in  the  incubating  oven  at  37  C.  In 
gelatin  Htick  cultures,  at  the  end  of  twenty-four  hours,  a  series  of  uuncti- 
form,  while  colonies  is  developed  along  the  line  of  puncture;  upon  the  sur- 
face development  ia  more  abundant,  and  at  llie  end  of  forty-eight  hours 
liquefaction  commences  ;  this  progresses  slowly  from  above  downward, 
and  a  white,  flocculent  deposit  accumulators  at  the  bottom  of  the  liquefied 
gelatin.  Upon  the  surface  of  agar,  at  the  end  of  twenty-four  hours  at  37' 
C.,  a  moist,  transparout,  opalescent  layer  is  developed,  which  rapidly  ex- 
tends over  the  entire  surface  ;  later  this  layer  becomes  somewhat  thicker, 
whitisli,  and  cream  like  in  consistencft,  without  losing  its  transparency. 
U|>on  potato  a  thick,  prominent,  moist,  and  slightly  viscid  layer  is  devel- 
oped, which  at  iii-st  has  a  pale-yellow  and  later  a  yellowish-bi-own  color. 
In  biiuilkm  development  is  abundant,  protlucing  a  milky  oixicilv  of  the 
liquid;  a  thick,  }lo<'ouleut  dejHJsit  accumulates  at  the  bott«>m  of  tfie  tube  ; 
the  reaction  of  the  culture  liquid  becomes  very  alkaline.  All  of  the  cultures 
give  off  a  peculiar  odor,  slightly  aminoniacal  and  resembling  that  of  putrid 
urine.  The  cultures  retiiiu  their  vitality  for  .several  months— in  a  closed 
tube  for  more  than  a  year.  The  thermal  death-poiut  is  60'  C.  with  Afteen 
luiuutes'  exposure. 

PathoaencmH. — Pathogenic  for  rabbits  and  mice,  but  not  for  guinea-pigs. 
In  mice  deiith  occurs  froiri  general  infection,  at  the  end  of  forty -eipht  to 
sixty  hours,  fi-om  the  subcutaneous  injection  of  one  eighth  cubic  cenluuetre 
of  a  recent  bouillon  culture.  In  rabbits  injection  of  one  cubic  centimetre 
into  the  circulation  causes  the  death  of  the  animal  in  thirty-six  to  fifty 
hours.  The  symptoms  induced  area  fu-tid  diarrhtea  and  pai-alj[sis  of  the 
extremities.  When  smaller  doses  are  inWtwl  (0.5  cubic  centimetre)  a 
chronic  malady  is  developed,  characterixetl  at  the  ouUtit  by  diarrluea  and 
emaciation,  then  by  the  development  of  tutnors  which  resemble  those  found 
in  the  man  from  whom  the  cultures  were  first  obtained.  These  tumors  are 
for  the  most  par-t  located  in  the  subculanoius  cimnective  tissue;  after  a  lime 
they  attain  tiie  size  of  a  chestnut  and  ulcerate,  allowing  the  esc-ape  of  a 
semi-fluid,  purulent  material.  The  animals  usually  recover.  Similar  tiunora 
are  develope<l  as  a  result  of  suljcutaneous  injections  of  one  to  three  cubic 
centimetres  of  a  recent  bouillon  culture. 


80.  BACILLUS  OF  BABES  AND  OPRE8CU. 

Obtained  by  Babes  and  Oprescu  (1891)  from  »  case  of  septicaemia  hauiior- 
rhaffica  presenting  some  resemblance  to  exanthematic  typhus. 

MorjtholtH/y.  —  In  ;i^ar  cultures  the  batrilli  are  from  0.4  to  0. 5  >i  thick,  and 
are  frequently  united  in  pairs;  associated  with  these  rod-shape<l  bacteria  are 
forms  which  are  of  a  short  oval.  In  gelatin  cultures  oval  forms  are  more 
numerons  ;  they  have  a  diameter  of  0.3  to  0.4  u,  and  often  appear  to  be> 
BUrroundotl  by  a  capsule.     In  fresh  cultures  the  bacilli  are  often  in  form  of 
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a  figure  8,  and  are  only  stained  at  the  point  of  contact  of  Iha  two  segmonts. 
In  potato  cultures  they  are  sometimes  elon^ted  and  swollen  at  one  ex- 
tremity. 

Stains  with  the  usual  aniline  colors  and  by  Gram's  method. 

Biological  Characters. — An  aSrobi^  and  fa<'ul(<Uiiy  unaerohic,  non-lique- 
fying, actively  motile  bacillus.  Spore  foruinlion  not  obse-rved.  Gi-ows  in  tho 
usiuil  cullui'e  luectiu  at  the  room  temperature — rnoi-e  rapidly  at  37  C  In 
gelatin  s/i'i*A:cu//Hrt?»y«^Ilowtsli-white  colonies  are  dfveloiwd  along  the  line 
of  puncture;  at  the  bottom  these  may  have  a  diniueter  of  one  to  two  millime- 
tres, and  they  have  a  brown  color.  Ujwni  the  surface  au  irregular,  lohulalcd, 
whitish,  translucent,  paralBii  like  layer  i.s  developed.  At  tlie  end  of  ei},'ht 
days  the  surface  growth  consists  of  ]arg«,  courtuent,  trauspjirent  plaques, 
with  irrcfrular  outline.s  and  crenatod,  elevated  niari^ins;  alojig  the  line  of 

{juncture  large,  seimrate,  lenticuhir  or  sphcrrical  colonies  are  seen  ;  those 
lave  a  browmsii-wliite  color.  At  the  end  of  two  moottis  the  surfaire  growth 
is  concentric  and  still  more  trauspai-ctit,  while  theculontes  near  the  surf  are 
have  become  almost  brown.  Ujmdh  the  surface  of  Oj jar,  at  37'  C  a  narrow 
band  is  developed  along  the  line  of  inoculation;  above,  this  is  composed  of 
transparent,  shinini^,  flat,  rotmd  colonies  liavinsf  a  diameter  of  one  milli- 
metre or  more;  below,  the  colonies  are  continent  and  form  a  transpart^iit, 
whitish  layer.  In  ^lycerin-agar  development  is  still  more  abundant,  and 
may  already  be  perceived  at  the  end  of  twelve  hout-s.  Crystals  are  seen 
below  the  surface  in  aj^ar  cultures  and  about  tlie  snperlicial  colonies  in  gela- 
tin. Ujion  ^wlato  a  uiiifcjrm,  thin,  gniyisli.  very  tniiis|Kirent  layer  is  de- 
veloped, which  sometimes  has  a  brownish-gray  tint.  At  the  end  of  a  few 
days  the  potato  acquires  a  brownish  color.  In  boinlloti.  ciondiues-s  of  the 
meilium  is  ap[mrent  at  tlie  end  of  ten  hours  ;  twenly-four  houi-s  later  a 
whitish  precipitate  is  seen  at  tho  bottom  of  the  tube,  which  is  more  abun- 
dant when  the  culture  medium  coiitjuns  glucose;  later  a  thin  ijellicle  is 
Been  upon  the  surface  and  the  lK»iiiU<Mi  acquires  a  yellowish  color. 

Pathogenesis. — Recent  cultures  are  patho^nic  for  rabbits,  guinea-pigs, 
pigeons,  and  mice,  winch  die  from  general  infection  in  from  two  to  four 
days.      Old  cultures  are  less  virulent. 
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87.    BACILLUS  OF   LUCKT. 

Obtained  by  Lucet  (1891)  from  chickens  and  turkeys  suffering  from  an 
infectious  form  of  septiciemia  characlerizejd  by  dysenteric  discharges — "  Dy- 
senterie  epi/,<H>tique  aes  pmli-s  et  des  dindes.'" 

Resembles  Bacillus  gallinarum  of  Klein,  and  is  perhaps  identical  with 
this  microorganism. 

Morphologu. — Short  bacilli,  from  1.3  to  1,8  //  long,  usually  in  jiairs. 

Stains  with  the  usual  aniline  colors,  but  not  by  Gram's  mothiKl. 

Biological Clutmcters. — An aBrobica.vdfacnltatirratuien>bic,  non-lique- 
fifinjl,  M<»«-(/i.o/f7«bacillu.s.  Spore  formation  not  observed.  6ih>ws  slowly  in 
the  usual  culture  media  at  the  room  teinperatureniorc  rapidly  at  37    C. 

In  grlaf  in  plates  ainall.  shining,  moist,  white,  circular  eobinies  ave  devel- 
o|»<l,  which  hx>k  like  littliedrons  of  wax;  later  tliese  incwtise  in  size,  and 
especially  ill  thickness,  fi>rming  riemispherical  mas.ses.  Iii  oflatin  stick  cxl- 
tures  gi-ayjsh,  punctiform  colonies  are  developed  along  the  li  no  of  punctui-e, 
and  upon  the  surface  a  cireuhir,  pi-omiuent,  whitish  plaque.  Streak  cultures 
upon  the  surface  of  gelatin  are  in  the  form  of  a  dirty-white  or  grayish-white, 
moist  streak,  with  regular  margins,  limited  to  the  line  of  inoculation,  but 
increasing  in  tliickness  until  it  breaks  loose  and  slips  down  the  oblique  sur- 
face of  the  culture  medium.  The  dejiosit  which  colleoLs  in  this  waj'  acquires, 
as  it  becomes  old,  in  the  deepest  portion  a  reddish  color.  Upon  af/or  it  forms 
a  thick,  yellowish- white,  mucus-like  layer  witb  straight  or  sliglitlv  dentate 
margins.  In  bonilion  it  produces  a  decided  clouding  of  the  liquid,  and  an 
abundant  grayish,  pulverulent  sediment  aceunnilates  at  the  bottom  of  the 
tube;  the  bouillon  after  a  time  becomes  transparent  alwve  this  aediment  and 
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is  viscid,  drawiug  out  into  threads.  In  tbe  absence  of  oxy^n  the  ch 
of  fifrowth  are  tlie  same  as  in.  its  presence.  The  cultures  acquire  an  alkalio« 
reacliou;  they  are  sterilized  by  exjwsure  for  ten  minutes  to  a  teniperature  of 
60 '  C.     Does  not  grow  upon  potato. 

Pattiogenesis. — Pathogenic  for  chickens  and  turkeys.  Not  pathogenic  for 
pigeons,  guinea-pies,  or  rabbits  when  injected  subcutaneously  or  into  th» 
peritoneal  cavity,  out  kills  rabbiLs  when  injected  into  a  vein.  In  the  in- 
lected  fowls  the  bacilli  are  found  in  small  numbers  in  the  blood,  mor«  no- 
meroua  in  the  kidneys  and  liver,  still  more  numerous  in  the  spleen,  and  in 
enormous  numbers  in  the  intestinal  mucus,  where  in  acute  cases  it  is  fouod 
almost  in  a  pure  cultura.  Fowls  do  not  contract  the  disease  as  a  result  of 
the  ingestion  of  grains  soiled  with  cultures  of  the  bacillus,  but  beconie  in- 
fected when  fed  with  animal  food  to  wiiich  a  pure  culture  has  been  added. 

88.   CAPSULK  BACILLUS  OF  LOEB. 

Obtained  from  a  case  of  keratomalacia  infantum  by  inoculating  culluw 
media  with  a  little  of  the  softened  exudate  in  the  cornea. 

Morphology. — Resembles  Bacillus  capsulatusof  Pfeiffer,  but  this  is  »aH 
to  be  somewhat  larger  and  thicker.  In  tlie  blood  of  mice,  howerer.  both 
bacilli  vary  considenibly  in  si/e,  and  tioconling  to  Loeb  it  was  not  poanbis 
to  determine  with  certainty  that  one  bacillus  was,  on  the  average,  largtt 
tlrnn  the  other, 

In  staining  reactions,  also,  no  difference  was  observed — both  bacilli «taia 
with  the  usuu  aniline  colors,  and  under  certain  circumstances  the  centra  o/ 
the  rods  is  less  deeply  stained  than  the  e.xtremitios. 

Biological  Cft-anfctem. — An  aerobic  BLndfacultotift^anairobic,  nonliqw0 
fying,  non-motile,  bacillus.  Grows  in  the  usual  culture  media  at  thtt  rOOB 
temperature.  In  its  growth  in  culture  media  it  closely  resembles  BMlIha 
ca|>su]atus  of  Pfeiffer  (No.  8(1). 

Pathogenesis. — Pathogenic  for  mice  and  for  guinea-pigs,  but  not  for  r»^ 
bits  and  pigeons;  Pfeitfers  bacillus  is  pathogenic  for  these  aniniaU. 
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PLATE  VII. 

BACILLUS  OF  GLANDERS. 

Fig.  1. — Bacillus  mallei  from  the  liver  of  a  field  mouse,  cover^lass  pre- 
I>aration.     (Loffler) 

Fig.  2. — Bacillus  mallei  from  a  recent  culture  upon  blood  serum-  (Lof- 
fler.) 

Fig.  3 — Bacillus  mallei  in  section  of  spleen  of  a  field  mouse  dead  from 
glanders.     (Loffler. ) 

Fig  4. — Culture  of  glanders  bacillus  upon  cooked  potato.     (Ldflier. ) 
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PATHOGENIC   AEROBIC   BACILLI    NOT  DESCRIBED  IN 
PREVIOUS  SECTIONS. 

A  CONSIDERABLE  nutiilj«r  of  SHproph^'tic  bacilli  are  pathogenic  for 
small  animals  when  injected  into  the  circulation,  or  snbcutaneously, 
or  into  a  serous  cavity  in  considerable  quantity* — <™e  to  five  cubic 
centimetres  or  more — but  fail  to  prixluce  any  apprecial>le  effect 
when  introduced  into  the  bodies  of  these  animals  in  minute  doses, 
and  do  not  multiply  in  the  blood  to  any  considerable  extent,  al- 
though in  fatal  cases  they  may  usually  be  recovered  in  cultures  from 
the  blood  and  tiseues.  These  bacilli  are  pathogenic  by  reason  of  the 
toxic  ptomaines  produced  by  them,  or  because  of  hx-al  inflammatory 
processes  which  they  induce,  or  for  both  of  these  retisons  combined. 
Some  of  them  may  also,  under  certain  circumsttinces,  multiply  in 
the  blood  and  thus  give  rise  to  septicsemia  as  well  as  to  toxaemia ; 
this  is  the  case,  for  example,  with  the  "colon  bacillus  "  of  Escher- 
ich.  When  injected  in  considerable  quantity  into  the  circulation 
of  a  guiuoa-pig  it  causes  the  death  of  the  animal  within  twenty -four 
hours,  and  the  bacillus  is  found  in  the  bbxHl  in  great  numbers  ;  but 
minute  amounts  injected  into  a  vein,  or  larger  amounts  injected 
Bubcutaneously,  do  not  usujdly  produce  general  infection.  It  is, 
therefore,  not  included  among  the  "  bacilli  which  produce  septi- 
caemia in  susceptible  animals. "'  There  is  reason  to  believe,  liowever, 
that  under  certain  circumstances  this  bacillus  may  have  sufficient 
pathogenic  potency  to  produce  a  genuine  septicGemia  in  giiinea-pigs. 
Thus  the  original  cultures  of  Brieger's  bacillus,  which  appears  to  be 
a  variety  of  the  colon  bacillus,  are  reported  to  have  produced  fatal 
septiciemia  in  j^iinea-pigs  when  injected  subcutaneousiy  in  !?mall 
amounts,  A  strict  div-ision  into  pathogenic  bacilli  which  produce 
general  blood  infection — septic;emia — and  those  which  protluce  a 
fatal  result  owing  to  the  prtKluction  of  toxic  chemical  subst-ances  is 
not  pt>ssible;  for  many  pathogenic  bacteria  produce  general  infection 
when  injected  in  comj>aratively  large  doses,  and  at  the  same  time 
give  rise  to  symptoms  of  toxiemia  ;  or  general  infection  may  (K'cttr 
in  animals  of  one  species,  and  fatal  toxemia  without  Heptictemia  in 
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those  of  another  species.     Mauy  of  tlie  bacilli  described  in  the  pre- 
sent section  are  common  saprophytes,  which  have  been  shown  br 
laboratory  experiments  to  be  pathogenic  for  certain  a-nimaJH  when 
iiitroiiuced  into  their  bodies  in  a  certain  amount,  which  differs  greatly 
for  diflferent  bacteria  and  for  different  species  of  animals.     The  ei- 
I)erimenta  of  Cheyne  and  others  show  how  largely  the  pathc^;eiuc 
power  of  ttaprophj'tic  bacteria  deixMids  upon  the  quantity  of  a  cul- 
ture which  is  injected,  as  well  as  upon  the  age  of  the  culture  aod 
the  seat  of  the  inoculation — in  the  blood,  the  abdominal  canity,  the 
subcutaneous  tissues,  or  tlie  muscles.     And  the  bacteriologist  named 
luis  also  shown  that  pathogenic  power  depends,  in  some  instances  at 
lefust,  upon  the  combint^d  action  of  the  toxic  substances  introdoced 
in  the  first  instance  and  of  the  living  bacteria.     Thus  Cheyne  foood 
that  one-tenth  of  a  cubic  centimetre  of  a  bouillon  culture  of  Proteos 
vulgaris  injected  into  the  dorsal  mus«']es  of  a  rabbit  infallibly  cauaed 
it«  death  within  fori;y -eight  hours,  but  when  the  dose  was  reduced 
to  tme-fortieth  cubic  centimetre  the  annual   recovered.     But  if  to 
tliis  amount  (one-fortieth  cubic  centimetre)  he  added  one  cubic  c«o-^ 
timetre  of  a  sterilized  (by  heat)  culture  of  the  same  bacillus : 
of  diluting  with  distilled  water,  and  injected  the  mixture  into  ll«i" 
dorsal  muscles  of  a  rahbit,  death  occiured  in  every  experiment 
>vithin  forty-eight  hours.     The  sterihzed  culture  injected  by  itself 
]>r(Mluced  no  effect  in  this  dose  (one  cubic  centimetre),  and  Cfaej 
believes  that  the  fatal  result  in  these  experiments  was  due  to 
fact  that  the  toxic  products  present  in  the  sterilized  culture 
came  the  iiattmd  rf listing  powers  of  the  tissues  and  enabled 
bacillus  to  multiply  over  a  larger  area  than  would  otherwise  luM 
l>een  the  case.    As  a  result  of  this,  toxic  sutetancea  were  produced  a 
the  Ivnly  of  the  animal  in  sufficient  quantity  to  cause  gi-^nerul  toxae- 
mia and  death  ;  whereas  the  bsicilli  alone,  in  the  dose  ment 
were  not  able  to  invjide  the  tissues  in  the  vicinity  of  the  point  of 
inix-ulation,  and  gave  rise  to  a  local  abscess  only.     The  aatne  ex- 
planation is  probably  true  for  very  many  of  the  saprophytic  bacterai 
which  have  been  shown  to  possess  pathogenic  ptiwer  ;  and  it  w  pwb- 
ahle  that  many  of  tlmw  which  are  now  classed  by  liuct«<ri«ittigit»tM  a» 
non-pathogenic  woukl  jtrove  to  be  pathogenio  in  the  Mune  way  if 
thoroughly  tested  up-m  various  species  of  animals,  although  it  migit 
be  necessiu-y  to  use  uuusually  large  doses  to  accomplish  the  isuoe 
result. 

89.    BACILLUS  COLI  CtyiSUVStS. 

Synnni/ms. — Bacterium coli commune (Escherich);  C<ilon  Uu-.iluaJ 
of  EsK-'iherich ;  Emmerich's  bacillus  (Bacillus  XeaiHjlitaniis).     Vr.' 
ably  identical  with  Bacillus  cavicida  (Brieger's  bacillus). 
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Obtained  by  Emmerich  (1885)  from  the  blood,  various  organs,  and 
the  ah-ine  discharges  of  cholera  patients  at  Naples  ;  by  Weisser 
(1886)  from  normal  and  abnormal  human  faeces,  from  the  air,  and 
from  putrefymg  infusions ;  by  Escherich  ( 18SG)  from  the  f ceces  of 
healthy  children  ;  since  shown  to  be  commonly  present  in  the  alvine 
discharges  of  healtliy  men,  and  probably  of  many  of  the  lower  ani- 
mals. Found  by  the  writer'in  the  blood  and  various  organs  of  yellow- 
fever,  cadavers,  in  Havana  (1888  and  1889). 

Numenjus  varieties  have  been  cultivated  by  different  bacteriolo- 
gists, which  vary  in  pathogenic  |X)wer  and  to  some  extent  iu  their 
growth  in  various  culture  media ;  but  the  diflferences  described  are 
not  sufficiently  characteristic  or  constant  to  justify  us  in  considering 
them  as  distinct  sjiecies. 

Morphology. — Diifers  considerably  in  its  morphology  as  obtained 
from  different  sources  and  in  various  culture  me<iia.  The  typical 
form  is  that  of  short  rods  with,  rounded  ends,  from  two  to  three  ft  iu 
length  and  0. 4  to  0.  G  /*  broad  ;  but  under  certain  cir- 
cumstances the  length  does  not  exceed  the  breadth — 
about  LI.  5  ;i — and  it  might  be  mistaken  for  a  micrococ- 
cus ;  again  the  prevailing  form  in  a  culture  is  a  short 
oval ;  filaments  of  five  f-t  or  more  in  length  are  often 
observed  in  cultures,  associated  with  short  rods  or  oval 
cells.  The  bacilli  are  frecjuently  united  in  pairs.  The 
presence  of  spores  hits  not  been  demunstrated.  In  un- 
favorable culture  media  the  bacilli,  in  stained  prepara- 
tions, may  present  unstained  places,  which  are  aupposed  by  Escherich 
to  be  due  to  degenerative  changes  in  the  protoplasm.  Under  certfun 
circumstances  some  of  the  rods  in  a  pure  culture  have  been  observed 
by  Escherich  to  present  spherical,  unstained  portions  at  one  or  both 
extremities,  which  closely  resemble  8pores,but  ivhich  he  was  not  able 
to  stain  by  the  methods  usually  employed  for  staining  Hp<»res,  and 
which  he  is  inclined  to  regard  as  "  involution  forms." 

This  bacillus  staiTis  readily  with  the  aniline  colors  usually  em- 
ployed by  bacteriologists,  but  quickly  parts  with  its  color  when 
treated  with  iodine  solution — Gram's  method — or  ^vith  diluted  al- 
oohoL 

Biological  Characters. — An  cterohic  a.w\  facnltaf ive anai'robic, 
non-liqHeftfing  bacillus.  Sometimes  exhibits  iiidependeut  move- 
ments, which  are  not  very  active.  One  rod  of  a  pair,  in  a  hanging- 
drop  culture,  may  advance  slowij^  with  a  to-and-fro  movement, 
while  the  other  follows  as  if  attached  to  it  by  an  invisible  band 
(Escherich).  The  writer's  personal  observations  lead  him  to  believe 
that,  as  a  rule,  tliis  bacillus  does  not  exhibit  independent  movements. 
Does  not  form  spores.     Grows  iu  various  culture  media  at  the  room 
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temperature — more  rapidly  in  the  incubating  oven.     Grows  in  a  de- 
cidedly acid  medium. 

In  gelatin. plates  colonies  are  developed  in  from  twenty-four  to 
forty -eight  hours,  which  vary  considerably  in  their  appearance  ac- 
cording to  their  age,  and  in  different  cultures  in  the  same  medium. 
The  deep  colonies  are  usually  spherical  and  at  first  are  tranj^wrent, 
homogeneous,  .and  of  a  pale-straw   or  amlier  ct)lor  by  traxiBlluttod 
light ;  later  they  fretjuently  have  a  dark-brown,  opaque  central  por- 
tion surrounded  by  a  more  transparent  peripheral  zone  ;  or  they  may 
be  coarsely  granular  and  opa«iue  ;  sometimes  they  have  a  long-oral 
or  "whetstone"  form.     The  superficial  colonies  differ  still  more  in 
appearance  ;  very  young  colonies  by  transmitted  light  often  reaembk 
little  drops  of  water  or  fragments  of  broken  glass  :  when  they  haf«4 
sufficient  space  for  their  development  they  quickly  increase  in  size, 
and  may  attain  a  diameter  of  three  t.o  four  centimetres  ;  the  central 
portion  is  thickest,  and  is  often  marked  by  a  spherical  nucleus  of  a 
dai'k -brown  color  when  the  colony  has  started  below  the  surface  of 
the  gelatiu  ;  the  margins  are  thin  and  transparent,   the  thicknen 
gradually  increasing  towards  the  centre,  as  does  also  the  color,  which 
bj'  transmitted  light  varies  from  light  straw  color  or  amber  to  adarkJ 
bro^vn.     The  outlines  of  suixrficial  colonies  are  more  or  le«e  irregular, 
and  the  surface  may  be  marked  by  ridges,  fissures,   or  concentric 
rings,  or  may  l>e  granular,     Tlie  writer  has  observed  colonies  re-j 
sembling  a  rosette,  or  a  daisy  with  expanded  petals.     Kacheridi' 
speaks  of  colonies  which  present  star-shaped  figures  surrounded  by 
concentric  rings. 

In  (jelutin  stick  cultures  the  growth  upon  the  surface  is  rati 
dry,  and  may  be  quit©  thin,  extending  over  the  entire  surface  of  the 
gelatin,  or  it  may  ha  thicker  with  irregular,  leaf-like  outlines  and 
with  Buporficial  incrustations  or  concentric  annular  markings.  An 
abundant  dovolupment  occurs  all  along  the  line  of  puncture,  wl 
in  the  deeper  portion  of  the  gelatin  is  made  up  of  more  or  leas  clo«<] 
crowdetl  colonies  ;  these  are  white  by  retlected  light,  and  of  an 
bcr  or  light-brown  color  by  transmitted  light  ;  later  they  may  I 
gnmular  and  opaque.  Frecjuently  a  diffusetl  cloudy  appearanoa 
observed  near  the  surface  of  the  gelatin,  ana  under  certain  cireuni* 
stmices  branching,  moss-liko  tufts  develop  at  intervals  along  tbe  KM 
of  growth.  One  or  more  gas  bubbles  may  often  be  seen  In  reomt 
stick  cultures  in  gelatin. 

Upon  nutrient  agar  and  blood  serum,  in  the  incubating  «.\  ,-v..  ..n 
abundant,  soft,  white  layer  is  quickly  developed.  Upon  p»>/.i/.»  u:i 
abundant,  soft,  shining  layer  of  a  brownish-yellow  color  is  devpKiped. 
The  growth  upon  potato  differs  considenibly,  according  to  the  age  t«f 
the  potato.     According  to  Escherich,  upon  old  jtotatoes   ther«  lu^ 
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be  no  growth,  or  it  may  ho  scanty  and  of  a  white  color.  In  milk,  at 
37"  C,  an'at'id  roiictioik  and  ct)agulation  of  the  caseia  are  prothtct^d  at 
the  end  of  eight  or  ten  days.  In  the  absence  of  oxygen  this  baeillus 
is  able  to  grow  in  solutions  containing  grape  sugar  (Estiherich).  In 
bouillon  it  grows  rapidly,  producing  a  milky  opacity  of  the  culture 
liquid.  The  thermal  death-point  of  Emmerich's  bacillus,  and  of  the 
colon  bacillus  from  faeces,  was  found  by  Weisser  to  be  60"*  C,  the 
time  of  exposure  being  ten  minutes.  The  writer  has  obtained  corre- 
sponding results.  Weisser  found  tliat  when  the  bacilli  fnjm  a  bouil- 
lon culture  were  dried  upon  thin  glass  covers  thoy  failed  to  grow 


i>*'. 


m     ^  1 1| 


Fio.  KT. 


Fia.  149. 


Fio.  UT.— Badllua  coli  eommunla  En  nutrient  ^l*tia  cdntAinlof  twenty  percent  of  KoUtln.  end 
Y  of  two  weeks,  sbowinic  mow-Uke  tii  f ta  along  the  tine  of  g;rowth.    (Sternberg  ) 

Fia.  14B  — A  portion  of  the  growtb  shown  in  Fig  117,  at  a,  magaifled  about  alx  diamntera. 
Trota  a  pbotOKrapb.    CSternberg.) 

after  twenly-foitr  houm.  These  results  givo  confirmation  to  the 
view  that  the  bacillus  under  consideration  does  not  form  spores. 
This  view  receives  further  support  from  tlie  experiments  of  \Vh1- 
liczek  (1894),  who  found  that  when  dried  ujwn  pieces  of  sterile  iiltcr 
paper  the  bacillus  failed  to  grow  at  the  end  of  eighteen  hours. 

Pathogenesis. — Comparatively  small  amounts  of  a  pure  culture 
of  the  colon  bacillus  injected  into  the  circulation  of  a  guinea-pig 
usually  cause  the  death  of  the  animal  in  from  one  to  three  daj's,  and 
the  bacillus  is  found  in  considerable  numbers  in  its  blood.    But  when 
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injected  subciitaneously  or  into  the  peritoneal  cavity  of  rabbits  or 
guinea-pigs,  a  fattil  teriiiiuatiou  depends  largelj'  on  the  quantity  in- 
jected; and  although  tbe  bacillus  maj'  be  obtained  in  cultures  from 
the  blood  and  the  parenchyma  of  the  various  organs,  it  is  not  present 
in  large  numbers,  and  death  appears  to  be  due  to  toxmniia  rather  than 
to  septicfflmia.  ifice  are  not  susceptible  to  infection  by  subcutjineoua 
injetrtions.  Small  ijiiantities  injected  beneath  the  skin  of  guinea-pigs 
usually  produce  a  local  abscess  only  ;  larger  amounts — two  to  five 
tabic  centimetres — frequently  produce  a  fatal  result,  with  symptoms 
and  jHithological  apiwarances  correspuiuling  with  those  resulting 
from  intravenous  iTijection.  The,se  are  fever,  developed  scnm  after 
the  injection,  diarrhoea,  and  sjinptonis  of  collapse  appearing  shortly 
before  death.  At  the  autopsy  the  liver  and  spleen  appear  noniial,  or 
nearly  so  ;  the  kidneys  are  congeste<l  and  may  jiresent  s<'attered 
puuctiform  ecchymoses  (Weisser).  According  to  Escherich,  the 
spleen  is  often  somewhat  enlarged.  The  smalt  intestine  is  hyper- 
wmic.  e8|)ecially  In  its  u]>i>er  jK>rtion,  and  the  jwritoneal  layer  pre- 
sents a  rosy  color  ;  the  mucous  membrane  gives  evidence  of  more 
or  less  intense  catarrhal  inflammation,  and  contains  nuicus,  often 
sliglitly  mixed  with  bkHjtl.  In  rabbits  death  occurs  at  a  somewhat 
later  ilat-e,  and  diarrhtea  is  a  common  symptom.  In  dogs  the  subcu- 
taneous injection  of  a  considerable  quantity  of  a  pure  culture  may 
give  rise  tt.>  an  extensive  local  aliscess. 

In  human  pathology  the  colon  bacillus  playa  an  important  r6ie. 
It  is  concerned  in  the  etiology  of  a  considerable  proportion  of  the 
eases  of  cystitis  and  of  pyelonephritis,  and  jjeritonitis  resulting  from 
perforation.  It  appears  to  be  the  cause  of  certain  affections  of  the 
anal  region  (Hartmanu  and  Lieffring).  It  has  been  obtained  in  pure 
culture  from  abscesses  in  various  parts  of  the  body,  from  the  valves 
of  the  heart  in  endocarditis,  from  the  pleural  cavity  in  empyema,  etc. 
It  has  also  been  found  in  the  blood,  as  a  result  of  general  infection 
following  cystitis  mid  pyelonephritis  (Sittniann  and  Bainow). 

}'an'efipn. — Booker,  in  Iiis  extended  studies  relating  to  the  bac- 
teria present  in  the  fteces  of  infants  suffering  from  summer  diarrhcea, 
has  isolated  seven  varieties  "  which  closely  resemble  Bacterium  coU 
commune  in  morphology  and  growth  in  agar,  neutral  gelatin,  and 
IK>tato,  but  by  means  of  other  tests  a  distinction  can  be  made  between 
them.'* 

Some  of  the  pathogenic  liacteria  heretofore  descril)ed  are  also 
closely  allied  to  the  "'colon  bacillus"  an<l  bj-  some  bacteriologists  are 
supposeil  to  belong  to  the  same  group — i.e.,  to  be  varieties  of  the 
same  species  rather  than  independent  species  with  fixed  characters. 
Whatever  may  l>e  the  remote  relationship,  the  typhoid  group,  tliehog- 
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cholera  group,  the  Bacillus  typhi  murium  of  Loffler,  the  bacilUw  of 
Laser,  the  Bacillus  euteritidis  of  Gartner,  and  other  similar  bacilli 
appear  to  be  differentiated  from  one  another  by  characters  which 
justify  their  description  under  separate  names.  Still  it  is  difficult  to 
fix  upon  any  one  of  these  characters  to  which  specific  value  can  be 
ittached;  and,  in  view  of  the  many  varieties  found  in  nature  or  pro- 
luced  artificially  in  laboratory  experiments,  we  are  not  justified  in 
asserting  that  our  classification  of  these  low  organisms  has  any  sub- 
stantial scientific  foundation.  The  difficulties  attending  an  attempt 
to  estiiblish  specific  characters  are  well  illuBtrated  by  the  extensive 
literature  relating  to  the  diflferentiation  of  bacilli  belonging  to  the 
typhoid  group  from  those  belonging  to  the  colon  group.  The  main 
points  upon  which  the  distinction  must  dej>end  have  lieen  referred  to 
in  the  section  devoted  to  the  typhoid  bacillus. 

Fremlin  (1H9:))  has  made  a  comparative  study  of  the  colon  bacil- 
lus from  various  sources.  He  finds  the  common  charaetura  of  gas 
production  in  media  containing  sugar  and  coagulation  of  milk.  Cul- 
tivated from  different  animals  the  moriihology  is  the  same,  but  there 
are  differences  as  regards  motility.  The  most  active  movements  are 
said  to  be  exhibited  in  the  bacillus  from  man,  while  the  variety  ob- 
tained from  the  intestines  of  rabbits  showed  scarcely  any  movements. 
The  different  varieties  displayed  considerable  differences  in  their 
growth  upon  potato. 

Dreyfuss  {18!t4)  finds  decided  diiTerences  in  the  jiathogenic  viru- 
lence of  the  cok»n  bacillus  from  healthy  individuals  and  from  those 
suffering  from  various  intestinal  disorders.  A  culture  from  the  dis- 
charges of  a  fatal  case  of  cholera  nostras  proved  to  be  exceptionally 
virulent — tested  by  intraperitoneal  injections  in  guinea-pigs.  Gilbert 
(1895),  as  a  result  of  his  extended  researches,  concludes  that  there  are 
five  principal  types  among  the  bacilli  most  nearly  related  to  the  colon 
bacillus:  1st.  Bacilli  which  differ  from  the  colon  bacillus  by  their 
being  uon-motile.  This  tyi>e  includes  two  varieties:  one  gives  thick 
yellowish  colonies  u|K>n  gelatin  plates  and  numerous  gas  bubbles  on 
potato — this  is  the  bacille  Ittciique  of  Pasteur  and  the  Bacillus  lactis 
aerogenes  of  Eacherich;  the  other  gives  thin,  bluish-white  colonies 
and  includes  the  hdCi'lle  de  V^ndocanUfe  of  Gill>ert  and  Lion.  2d. 
Bacilli  which  differ  from  the  colon  bacillus  by  the  fact  that  cultures 
do  not  give  the  indol  reaction.  ;id.  Bacilli  which  do  not  cause  the 
fermentation  of  lactose.  4th.  Bacilli  which  are  not  motile  and 
do  not  ferment  lactose.  5th,  Bacilli  wliich  are  not  motile,  do  not 
give  the  indol  reaction,  and  do  not  ferment  lactose. 

Theobald  Smith  (I8',i5)  gives  the  following  account  of  his  method 
of  detecting  bacilli  of  the  ' '  colon  group  ' '  in  water  : 
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' '  The  methoil  followed  by  the  writer  in  the  e;eneral   bact<>riological  exm- 

iiiaHon  of  water  consists,  first,  in  the  preparation  of  gelatin  plates  for  tb« 
usuul  enumeration  ;  and,  second,  in  the  addition  to  every  one  of  ten  frrmwn 
tjitiim  tubes,  containing  a  one  jHT-cent  dextrose  liouillun,  a  certain  quantity 
of  water.  TliLs  is  aikled  most  easily  by  fii-st  diluting  the  crater,  so  that  one  or 
two  cubic  centimetres  are  equivalent  to  the  quantitj-  Mhith  it  is  desired  u>$M 
to  each  tube.  Pipette's  grmluated  by  drops  are  convenient,  but  not  so  acmrBtr. 
In  case  of  gifniud  water  it  is  well  to  prepare  in  addition  a  flask  ixmtainiog 
lifty  to  fine  liundred  cubic  centimetres  of  tlie  water,  and  an  equal,  or  greatrr, 
quan(ity  of  bauilloa,  to  whicii  suprar  is  fio<  added.  Plates  niav  be  pnfiarBd 
from  Ibis  ila.sk  after  sixteen  to  twenty -four  hours.  When  pas  Wgins  to  ap- 
pear in  the  fermentation  tul>es,  the  amount  accumulated  at  theendofoaai 
twenty-four  hours  should  b<^  marked  with  a  glass  pencil  on  the  tul>e.  FpHB 
these  tubes,  whioh  contain  lifty  to  si.\ty  i>er  cent  of  pas  on  the  third  daj,  and 
are  very  ttlrougly  acid,  plates  uiay  be  jjrejxai-ed  to  conllmi  the  indicatioiucf 
Bacillus  coli.  Tins,  however,  is  not  essential,  for  the  writer  h»»  foond  m 
yet  no  8i»ecie.s  ha^nnfj  the.se  feiTncntative  characters  which  is  not  one  of  the 
following:  Bacillus  coli.  Bacillus  lactis  aerogenes,  Bacillus  eliteriditis.  Bacil- 
lus tv'phi  murium.  Bacillus  choler.e  suis.  Tlie  three  last-mentioiied  Ipeeiei 
arc  probably  a&  rare  in  water  as  Bacillus  typhosus  itself. 

"  My  own  experience  coincides  with  that  of  Matthews  when  he  staten  ihal 
ninety-two  jier  cent  of  all  bacteria  in  gn>und  water  are  supprcmed  in  t)* 
thermostat.  While  the  addition  of  0.5  cubic  centimetre,  or  even  niorr.  i»f 
such  water  may  fail  to  piTnlucc  cloudiness  in  any  of  the  series  of  fernw-ntA 
(ion  tidH^s,  the  same  quantity,  or  less,  of  surface  water  never  fails  to  infect 
tlie  lubes." 

BACILLUS  d  OF  BOOKER. 

^'  Found  in  two  cases  of  cholpi-a  infantum  and  the  predominating  form  ta 
one  serious  case  of  catarrhal  enteritis. 

"  Moi'^hology. — Resembles  Bacterium  coli  commune. 

"  Grotrfh  in  Colonies. — GFelatin :  Colonies  grow  luxuriantly  in  gti»tm»a<A 
thrive  in  acid  and  sugar  gelatin  equally  as  well  as  in  neutral  g«latiB.  la 
the  latter  the  colonies  chjsely  resemble,  but  are  not  identical  vritli,  the  Bh> 
terium  coli  commune.  In  acid  gelatin  they  differ  very  nnjch  from  BaiClanaB 
coli  commune.  The  colonies  spreml  extensively  and  are  bluish-white  wttk 
concentric  rings.  Slightly  magnified,  they  have  a  large,  iiuifonxL,  t«Uo<i 
central  ztme  surrounded  "l)y  a  biu-der  cximpoaed  of  per{»endicular  utraada 
placed  thickly  together.  Bumetiines  a  series  of  these  rings  appear  with  intor- 
veuing  yellow  rings. 

"Agar:  Thec(»lonies  ai-e  i-ound,  spread  out,  and  blue  or  bluiab-whitd 
Slightly  magnilied,  they  have  a  palo-yellow  color. 

'  Stah  CttltitivJi — Gelatin:  In  sugar  gelatin  the  surface  growtJ)  baa  a 
nearly  colorless  centre  surrounded  by  a  thick  border  witli  an  outer  rdfe  of 
line,  hair-like  fringe;  the  growth  along  the  line  of  inoculation  ia  fine  and  <)•£- 
cate.     In  neutml  gelatin  the  growth  is  not  so  luxuriant  as  on  aunr  mlati 
on  the  surface  it  is  thick  and  white,  with  a  delicate  stalk  in  th«^ptb. 

"Agiir:  Thick  white  surface  growth  with  a  well-dereloped  atalk  in  ' 
depth. 

"Potato:  Luxuriant  yellow,  glistening,  moist,  and  slig'htly  raiaod 
face,  with  well-<lelined  briniers. 

"  Action  on  Afilk: — ^Coagulated  into  a  gelatinous  coagulum  iii  twenty- (m^ 
liours  at  38'  C  ,  and  into  a  solid  clot  in  two  days. 

^'  Milk  Litinntt  Rt'action. — Milk  colored  blue  with  litmus  is  ehaoMdla 
light  pink  in  twenty-four  hours  at  38  C.  The  pink  color  crnMlaallr  ladMi 
and  by  the  second  or  third  day  is  white  or  cream  color  with  a  tliin  larvr  iif 
pink  on  top.  The  pink  color  extends  in  a  few  days  about  otie-half  down  th« 
clot. 
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Temperature. — Grows  best  about  38'  C. 
"Spores  have  not  been  observed. 

"  Gas  Production. — Gas  bubbles  are  produced  in  milk;  not  observed  oa 
potato." 

BACILLUS   e  OF   BOOKER. 

"Found  as  the  predominating'  fonn  in  twu  wises  of  dysentery  one  of 
which  was  (ivU\\  and  the  other  a  mild  ca.se. 

"  Morphtiloijjf, — Reseniblf?8  B;icteriuin  coli  commmie. 

"  Growth  ill  Ciilotiies. — Gelatin  :  The  ctjiony  gi-owth  varies  considerably 
with  slight  difference  in  the  gelatin.  luteii-per-ceiit  neural  gelatin  the  colo- 
nies resemble  those  of  Bacteriu'n  coli  conmuine.  On  the  second  or  tliinl 
day,  when  the  colonieH  have  just  broken  throufjh  the  .surface  and  are  sprejiJ 
out,  it  is  impossible  to  distinguish  one  variety  fn>iii  tlio  other,  but  as  tin* 
ci>louies  grow  older  a  difference  can  gfenenilly  bo  if  cognized.  In  sugar  and 
acid  ^latin  the  colonies  have  a  clear  centre  with  white  border;  slightly 
maf  niiied,  a  unifonii  bi"«>wu  centre  surrounded  by  a  brown  zone  couiposed 
of  fine,  needle-like  rays  perpendicular  to  the  b<irder.  After  cultivating  for  a 
few  generations  on  acid  and  sugar  gelatin  the  colonies  cease  to  develop,  and 
eitlier  gi-o\v  in  very  small  colonies  or  do  not  grow  at  all.  The  activity  is  re- 
gained if  cultivated  on  neulral  gelatin. 

"  Agar:  Colonies  are  large,  round,  and  have  a  mother  of-pearl  appearance. 
Slightly  magnified,  a  uniform  yellow  color. 

"  Sfab  CuUHve.H. — Agar:  Luxuriant,  nearly  colorless  surface  growth,  with 
well-developed  stalk  along  the  line  of  inocutalion  in  the  depth. 

"Potato:  Golden-yellow,  glistening,  slighttj'  rui.sed  surface  with  well-de- 
fined borders. 

"'  Act  ion  on  ilfiYfe.— Milk  becomes  gelatinous  in  twenty-four  hours  at  38  C., 
and  in  a  few  days  a  solid  coagulum  is  formed.  Milk  colored  blue  with  lit- 
mus is  reduced  to  white  or  cream  color  in  twenty-four  to  forty-eight  hours 
at  3i>i  C,  with  a  thin  layer  of  pink  at  the  top  of  tte  culture.  The  pink  color 
gradually  extends  lower  in  the  coagulum. 

"  remp^mfure.— Thrives  best  at  about  38   C. 

"  Spores  have  not  been  observed. 

"  Gas  Prod ttcti on. ^^ccum  in  milk,  but  not  seen  in  potato  cultures. 

*•  Relation  to  Gelatin. — Does  not  liquefy  jEfelatin. 

"  Respinblance. — Resembles  Bacterium  coli  communeand  bacillus  d;  dif- 
fering from  the  former  in  the  charjicter  of  the  colony  growth  on  acid  and 
sugar  gelatin,  and  in  ceasing  to  develop  in  these  media  after  several  gfenera- 
tions.     It  ditfere  from  bacillus  d  in  this  latter  respect." 


BACILLUS  /  OK  BOOKER. 

"  Found  in  one  case  of  cholera  infantum  and  one  ca»e  of  catarrlial  ente- 
ritis. 

"  Morphology. — Re.sembles  Bacterium  coli  commune. 

"Growth  in  Colonien. — Gelatin:  It  is  difficult  to  distinguish  the  colony 
growth  from  the  Bacteriumcoli  commune.  There  is  often  a  difference  in  the 
colonies  planted  at  the  same  time  and  kept  under  similar  conditions,  but  it 
is  not  very  marked  nor  always  the  same  fciml  of  difference.  The  tendency 
to  concentric  rings  Ls  greater  in  this  variety.  The  colonies  develop  some- 
what better  on  neutral  and  sug-.ir  gelaliu  than  on  acid  gelatin. 

"Agar:  The  colonies  aj"e  large,  round,  and  bluish-white.  Slightly  magni- 
fied, a  light-yellow  color. 

■ '  S/oo  Cultare-n.  — (ielatin ;  The  culture  is  spread  over  the  surface  and  has 
a  mistdike  appearance;  in  the  depth  along  the  liuo  of  inoculation  is  a  deli- 
cate stalk. 

"Agar;  Thick,  luxuriant,  white  surface  growth,  with  a  well-developed 
stalk  along  the  line  of  inoculation  in  the  depUi. 
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"Potato  :  BriBht-ypllow  glistening,  moist  surface  with  well-defined  bot^ 

ders,  and  butslij^itly  raised  above  the  surrounding  potato. 

"  Aft  ion  Oil  ^[ilk  ftitd  Liliitutt  Reaction. — Milk  is  coagulated  inloaaoJid 
clot  in  Uv(.>nty-rL>ur  hoiir^  at38'  C,  Milk  colored  blue  with  litmus  is  chaaced 
to  pink  in  twenty-four  Imura  at  38'  C.  and  in  forty-eight  hours  is  redueed  to 
white  or  crcatn  color  with  a  thin  pink  layer  on  top. 

"  (Jfia  I'lixliicfion. — GiLs  bubbles  arise  in  milk  cultures,  but  tbey  hareBoC 
lK>en  observed  on  jwtato  ciiltuivs. 

"  Tempcrdfuif. — Grows  bHtor  at  38"  C. 

"Spoi-es  have  not  been  observed. 

'^  Jiflafiim  to  Geta tin. —  Does  not  liquefy  gelatin. 

'"  Rejtfiiihfniifi'. — It  closely  resembles  Bacterium  coli  commnne  and  Brit- 
jjer's  bacillus  ill  thocharacter  of  itsgrowth  upon  diflFerent  me<lia.  but  isrmdilr 
(iisiinguished  fniin  iKith,  as  is  also  Briiiger's  bacillus  from  the  Bacterium  eou 
i'oiiimuiie,  by  the  following  diffci-eutial  test  recentlj'  made  known  by  Pr. 
Mall.  Yt-llovv  elastic  tissue  fi<oni  Die  ligamentuni  nuchas  of  au  ox  is  cut  inUt 
Kne  bits  and  placed  in  test  tubes  contajuiug  water  with  ten-per-cent  bonilioq 
and  oiie-|H?r-cent  sug-ar,  and  sterilized  from  one  and  one-half  U>  tir«' 
hours  at  a  liirie  for  tlii'se  CDusecutive  days.  Into  this  is  iooculatei]  ivi* 
sijecies  of  bacteria,  on©  of  wliieh  is  the  bacterium  under  observ-jitiori, 
the  other  a  bacillus  found  in  gaitlen  eai-th.  The  latter  bacillus  is  anarrobu-, 
grows  in  liy<ln>geii,  njtnigen,  and  ordinary  illuminating  gtvs,  in  the  biMtom 
of  bouillon,  in  tlio  depth  but  not  on  the  surface  of  a^ar  .stub  culture^.,  aad 
not  at  all  in  gelatin  stab  cultures.  It  has  a  spore  in  one  end  making  a  knob 
bacillus.  Dinereiit  sjH'cies  of  bacteria — Streptococcus  Indicus.  tetng«ni& 
rholera,  swine  plague.  Bacterium  iactis  aerogenes.  Bacterium  coli  ooaimuiie. 
Breeger's  bacillus,  and  a  number  of  varieties  of  ba*.'teria  which  I  hare  my 
latea  fifjm  the  fseces — were  inoculated  with  the  head  bacillus  into  the  above- 
desciibed  elastic-ti.ssue  tubes,  The  tul>e8  inoculated  with  Brie^rs  baetllw 
develiiijed  a  beauliful  purple  tint,  which  started  as  a  narrow  ring  at  tbelOB 
of  the  culture,  gradually  extending  downward  and  deepening  in  color  uau 
the  whole  tube  had  a  dark-purple  color.  This  color  reaction  began  in  flv»  lo 
r<iurteen  days,  and  was  constantly  pi-esent  in  a  large  number  of  tests.  Talw 
inoculated  witli  bacillus  /  gave  a  much  fainter  purple  color,  which  «m 
longer  in  appearing  and  never  became  so  dark  as  with  Brieger's  boctllu«. 

'  'Tubes  inoculated  with  the  other  species  of  bacteriaalxive  mentioned gKT« 
no  color  change  and  remained  similar  Ui  control.  Bacillus /also  show*  • 
slight  difTeroucc  from  Bacterium  c(di  commune  in  coagulating  milk  and  i»- 
diifing  litmus  more  rapidly,  and  appeai-s  to  produce  more  active  fermeDladoa 
in  milk.  Like  Hrierrer's  bacillus,  the  gelatin  colonies  tuor*3  frerjuently  abov 
a  concentric  arrangement  than  those  uf  the  Bacterium  coli  Commune.'' 


It  was  not  in 


BACIT.LUS  g  OF  BOOKER. 

'*  Found  in  one  case  of  serious  gastro-enteric  catarrh. 
(juantity. 

"  Morplioloff!/  mul  Bioloaical  Charactera. — In  mori>hology,  characl^of 
growth  on  agar,  gelatin,  and  potato,  it  resembles  Bacteriuru  coli  conimuar 

"  Actii.in  on  Milkntui  Lifintut  iJe«c^ioii.— Milk  is  nut  ooaj^ated.  and  milk 
colored  blue  with  litmus  is  changed  to  pink  in  a  few  days,  and  hold*  tbis 
color.     Tliese  characteristics  distinguish  it  from  the  Bacterium  ocJi 
mune. 

"  Oaa  Prodtudion. — Not  obs(?rved  in  milk  or  potato  cultures. 

"  Jiflation  to  (ielatin. — Ekies  not  liquefy  gelatin." 


XOT   DESCRIBED   IN   PREVIt)US   SECTIONS. 
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"Found  in  ono  case,  of  mild  dysentery,  not  in  large  quantity. 

"  Morpiwlffgy . — Rpspinbles  Bacferiinn  coli  commune. 

"  (Jroivth  ill  C'olotncji.  —  irelittin:  In  plain  neutral  gelatin  the  colonies  re- 
semble tiujse  of  Bacterium  ooli  commune.  In  sugar  jp'latin  the  colonies  arc 
white  and  spread  extensively.  Slightly  magniHed,  tliey  have  a  i-oiiiid,  dark 
centre  surrounded  by  a  yelloAV,  loose  zone  with  an  outer  white  rim  ;  later 
the  whole  colony  has  a  uniform  yellow  color  and  is  not  compact. 

"Agar  :  Colonies  are  white,  round,  and  large.  Slightly  magnified,  they 
are  browni.sh-vellow. 

'*  Staf>  CulttnvM. — Nothing  characteristic  in  gelatin  and  agar. 

"  Potato  culture  is  yellow,  dry,  and  slightly  raised,  with  well-defined  bor- 
ders. 

"  Afdoii  on  Milk  mid  LUmiift  Ri'arfiiin. — Milk  i.s  coagulated  into  a  solid 
clot  in  two  days  at  ."IS  C.  Milk  colored  bhio  with  liLmu.s  is  changed  to  pink 
in  twent3"-four  hours. 

"  Gnu  Prtxltivfion.—Ovcni's  in  milk;  not  observed  on  ^xttato. 

"  IteiatioH  to  Gelatin. — Does  not  liquefy  gelatin." 

B.\.riLLU»  k  OP  BOOKER 

"  Found  in  two  cases  of  cholera  infantum  and  ono  of  catarrlial  enteritis. 

*'  Aforphoh^tf. — Resembles  Bacterium  coli  commune. 

"  Grnirih  in  Colnnifn. — Gelatin:  In  neutral  gelatin  the  colonies  cannot  l>o 
distin^iisbed  from  those  of  Bacterium  coli  commune.  In  acid  gidatin  the 
colonics  do  not  spread  so  extensively  as  those  of  Bacterium  coli  commune, 
and  they  have  a  decided  concentric  arrangement,  a  wide  white  centre  .sur- 
iijunded  by  a  narrow,  Ininsparent  blue  ring,  and  outside  of  this  a  white  bor- 
der. Slightly  magnified,  the  colonies  have  an  irregular,  yellowish-brown 
centre  mottled  over  with  dark  8p<^t»  and  surrounded  by  a  hght-yellow  ring 
bordered  by  a  brownish-yellow  wi'eath. 

"Agar:  Colonies  are  large.round,  and  bluish-white.  Slightly  magnified, 
a  light  brownish-yellow  color. 

•*  Stab  CnltnreM, — Gelatin :  In  sugar  gelatin  the  surface  growth  ia  exten- 
sive, nearly  eolorless-S,  and  has  a  r<nigh,  misty  appearance.  Iii  tlie  depth  if  a 
delicate  growth.  In  plain  neutral  gelatin  thesurface  growth  is  bluish-white, 
thick,  and  not  so  extensively  spi-ead;  the  growth  in  the  depth  is  also  thicker, 

"  Potato  culture  is  moist,  dirty-cream  color,  has  raised  surface  and  defined 
border. 

*'  Action  oil  Milk.^Wdk  liecoraes  gelatinous  in  twenty-four  liours  at  38" 
C.  and  a  solid  clot  in  twodaya.  Milk  colored  blue  with  litmus  is  changed  to 
pink  in  twenty- four  liours,  and  reduced  to  white  with  a  pink  layer  on  top  in 
two  days." 

BACILLUS  71  OF  BOOKER. 

"  Foimd  in  large  quantity,  but  i»ot  the  predominating  form,  in  one  case 
of  chninic  gastroenteric  catarrh— extremely  emaciated. 

"  MtirpholtH/t/.  -Resembles  Bacterium  coli  commune. 

"  Gffurth  in  CVi/onj€W. — Gelatin:  In  neutral  gelatin  the  colonies  are  spread 
out  and  have  a  frosty  or  ground  gla.ss  ap|>eara nee.  The  centre  is  blue  and 
border  white,  but  l>oth  have  the  ground-glass  appearance.  Slightly  magni- 
fied, the  central  part  is  light  yellow  and  tne  bonier  brown  with  a  rough,  fur- 
rowed surface.  In  acid  gelatin  the  white  border  is  wider  and  tlio  surface  is 
rougher. 

"  Agar:  Colonies  arc  round,  blue,  or  bluiah-white,  andspread  out.  Under 
the  microacopa  they  have  a  light-yellow  color. 

"Stab  Citltnrra. — Gelatin;  Has  a  rough,  nearly  colorless  surface  growth, 
and  a  thick  stalk  in  the  depth  along  the  line  of  inoculation. 

"  Agar:  Thick  white  surface  growth  with  well-developed  stalk  in  the  depth. 
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"  Action  on  Milk  arid  Litmua  Reaction. — Milk  remaios  liquid,  and  milk 
colored  blue  with  litmus  is  chaug<ed  to  piok. 

"  GcM  Production, — Not  observed  in  milk  or  potato  cultures. 
"  Relation  to  Gelatin. — Does  not  liquefy  gelatin. 
"  Spores  have  not  Ijeen  noticed." 

Bacillus  Coll  Communis  in  Peritonitis. — The  researchea  of  A. 
Frankol  ehow  that  Bacillus  coli  communis  may  be  obtained  in  pure 
cultures  from  the  exudate  into  the  peritoneal  cavity  in  a  considerable 
prupurtion  of  the  cases  of  jieritonitia,  and  there  ia  good  reason  for 
believing  that  in  these  cases  it  was  the  caase  of  the  inflammatory 
process.  Thirty-one  cases  were  examined  by  Frankel,  with  the  fol- 
lowing result:  Pure  cultures  of  Bacillus  coli  communis  were  obtained 
in  nine  cases ;  of  Streptococcus  (pyogenes  ?)  in  seven  ;  of  Bacillus 
lactis  aerogenes  in  two  ;  of  "  diplococcus  pneumonias  "  in  one  ;  of 
Staphj'lococcus  pyogenes  aureus  in  one.  Of  the  remaining  eleven 
cases,  seven  gave  mixed  cultures,  and  in  ttiree  of  these  Bacillus  coli 
communis  was  the  most  abundant  species.  The  author  referred  to 
has  also  sho^vn  that  pure  cultures  of  Bacillus  coli  communis  injected 
into  the  cfi\'ity  of  the  abdomen  of  rabbits  cause  a  typical  i>eritonitis. 
The  present  writer  has  frequently  obtained  the  same  result  in  erjjeri- 
ments  made  with  this  bacillus.  It  would  appear,  therefore,  that  the 
peritonitis  which  so  constantly  results  from  wounds  of  the  intestine 
is  probably  due,  to  a  considerable  extent,  to  the  introduction  of  this 
microorganism  from  the  lumen  of  the  intestine,  where  it  is  con- 
Ktaiitly  found,  into  the  peritoneal  ca^nty,  where  the  conditions  are 
favorable  for  its  rapid  development. 


DO.    BACILLUS    LACTIS   AKROGENKS. 

Obtained  by  E»clierich  (1886)  from  the  contents  of  the  small  intestine  of 
children  and  animals  fed  upon  milk  ;  in  smaller  numbers  from  the  ficccs  of 
milk-fed  childreji,  and  in  one  instance  fi"om  uncooked  cow's 
milk. 

^  Mortthology. — Short  rods  with  rounded  ends,  from  1  to 

,f|^^         2 /<  in  lenprth  and  from  0.1  to  0,5  /*  broiid;  short  oval  and 

*      9$         spherical  forms  ai-e  also  frequently  observed,  and,  under 

\^  £  f        eertaiiieircumstiitices,  longer  rods  — 3^'— may  be  developed : 

usually  united  in  psiirs,  and  occasionally  in  chains contain- 

iiifj  several  elements.    In  some  of  the  larger  cells  Elscherich 

has  observed  unstained  spaces,  but  was  not  able  to  obtain 

any  evidence  that  these  represent  spoi-es. 

This  biiciUus  stairm  readily  with  the  ordinary  iiniline 
coloi-s,  but  does  not  retain  its  color  when  treated  by  Gnuu's 
method. 

Biological  Characters. —An  aerobic  (facultative  anaerobic),  non-liqiiefff- 
ing,  noil  motile  bacillus.  Does  not  form  spores.  Grows  m  variouB  culture 
media  at  the  room  temnerature — more  rapidly  in  the  incubating  oven. 
Upon  gelatin  platen,  at  tne  eud  of  twenty-four  hours,  small  white  ooloniea 
are  developed.  Upon  the  surface  these  form  heuiisplierical,  soft,  shiuing 
masses  which,  examined  under  the  microscope,  are  found  to  be  homogeneous 


Fio.   l«i.— BacU 

lu!i  lactl*  «firog«- 
nes.  /  1.000.  Ea 
cherlcb.) 
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and  opaque,  with  a  whitish  lustre  by  reflected  light.  The  deep  colonies  are 
s|)herii"af  and  opaque  and  attain  a  considerable  sixe.  In  gelatin  stick  cul- 
tui-es  tlie  growth  resetables  that  of  Friedliiuder's  bacillus — i.e..  an  abundant 
crowth  along  the  line  of  puncture  and  a  iwuiidBd  mass  upon  tbe  surface, 
forming  a  "nail-shaped"  erowlh.  In  old  culiiires  the  upper  portion  of  the 
gelatin  is  snmetiniea  clouded,  and  niimei'ouis  gas  bubbles  may  form  in  tbe 
^latin.  UjKJU  the  surface  of  nuti-ient  agar  an  abundant,  soft,  white  layer 
IS  developed.  Upon  old  poiatoe^,  in  the  incubating  oven,  at  tlie  end  of 
twenty-four  hours  a  yellowLsh  white  layer,  several  millimetres  thick,  is 
developed,  whicb  is  of  paste-like  consistence  and  contains  about  the  |ieri- 
phery  a  considerable  number  of  small  gas  bubbles;  this  layer  increases  in 
dimensions,  has  an  irrugular  outline,  and  larger  and  more  numerous  gas 
bubbles  are  developed  about  the  peripbeiy,  some  the  size  of  a  pea;  later  the 
whole  surface  of  tne  potato  is  covered  with  a  creamy,  seuu-fluid  mass  filled 
with  gas  bubbles.  On  young  potatofs  the  developmeitt  is  ditferuut ;  a  r.ilher 
luxuriant,  thick,  white  or  pale  yellow  layer  is  formed,  which  is  tolerably 
dry  and  has  irregular  margins;  the  surface  is  smooth  and  sluning,  and  a 
few  minute  gas  bubbles  only  are  formed  after  several  days. 

Pathogenemft. — Injections  of  a  considerable  quantity  of  a  pure  culture 
into  the  circuhition  of  rabbits  and  of  guinea-pigs  give  rise  to  a  fjital  result 
within  fort}' -eight  hours. 

In  his  first  publication  relating  to  "  the  bacteria  found  in  the  dejecta  of 
infants  atHicted  with  summer  diurrhcea,"  Booker  has  described  a  bacillus 
which  he  de.si^nates  by  the  letter  B,  which  closely  resembles  Bacillus  lactis 
aerogeues  ana  is  probably  identical  with  it.    He  says: 

'^  Summary  of  Bacilliia  B. — Found  nearly  constantly  in  cholera  infan- 
tum and  catarrhal  enteritis,  and  generally  the  predominating  form.  It 
appeared  in  larger  quantities  in  the  more  serious  cases.  It  was  not  found 
in  the  dysenteric  or  healthy  fjeces.  It  resembles  the  description  of  the  Ba- 
cillus lactis  aerogenes,  but  the  resemblance  does  not  appear  suHlcient  to  con- 
stitute an  identity,  and,  in  the  absence  of  a  culture  of  the  latter  for  corn- 
prison,  it  is  considered  a  distinct  variety  for  the  following  reasons :  Bacillus 
B  is  uniformly  larger,  its  ends  are  not  so  sharply  rounded,  and  in  all  culture 
media  long,  thick  filaments  are  seen,  and  many  of  the  bacilli  have  the  pro- 
toplasm gathered  in  the  centre,  leaving  the  pole.s  clear.  There  is  some 
difference  in  their  colony  growth  on  gelatin,  and  in  gelatin  stick  cultm-es 
bacillus  B  does  not  show  tbe  nail  form  growth  with  marked  end  swelling  in 
the  depth.  In  potato  cultures  the  Bacillus  lactis  aerogenes  shows  a  differ- 
ence between  old  and  new  potatoes,  while  bacillus  B  does  not  show  any 
difference. 

"  Bacillus  B  possesses  decided  pathogenic  profterties,  which  was  shown 
both  by  hypodermic  injections  and  feeding  with  mCk  cultures." 


91.    BACILLUS    C   OF    BOOKER. 

Found  by  Booker  (1889)  in  a  case  of  cholera  infantum. 

Morplioloqt/ — liesembles  Bacillus  lactis  aerogenes  of  Escherich. 

Biotogicai  Characters. — Resembles  Bacillus  lactis  .lerogenes,  but  differs 
from  it  in  not  coagulating  milk;  the  growth  on  potato  also  is  more  luxuri- 
ant and  the  surface  is  more  thickly  covered  with  gas  bubbles. 


BACILLI   OF  JEFFRIES. 

Jeffries,  in  a  study  of  the  alvino  discharges  of  children  suffering  from 
summer  diarrhoea,  isolated  a  number  of  bacilli  resembling  Bacillus  coli 
communis  and  Bacillus  lactis  aerogenes  of  Escherich.     He  says: 

*'  While  Brieger's  bacillus  and  the  lactic  acid  bacillus  of  Escherich  were 

not  found,  a  whole  group  of  species  in  growth,  form,  and  general  physiology 

closely  resembling  them  have  been  isolated.     This  group  is  represented  by 

bacilli  A,  G,  J,  K,  P,  S,  Z ;  they  seem  to  form  a  genus  ;  the  form  is  very 

33 
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much  alike.  All  are  eocxl  anaerobic  g^rowers;  all  form  gas;  all  turn  milk 
distinctly  acid ;  and  alTclosely  resemble  one  anotlier  in  pure  cultures.  Many 
would  doubtless  class  these  altogether  as  one  species;  but  if  species  are  to 
be  recognized  at  all,  we  must  come  to  recognizing  every  iixcd  aitference  aa 
couatitutiug  a  species. 

"  This  group  occurred — always  very  abundantly— in  eighteen  out  of  the 
twenty  two  cases  of  summer  diarrhoea,  and  is  also  well  represented  among 
the  kittens.  They  are,  however,  so  much  like  the  harmless  forms  found  by 
Escherich  tljat  they  may  for  the  present  be  laid  aside  as  of  no  specific  sig- 
nificance. They  are  also  almost  the  only  forms  tested  which  failed  to  pro- 
duce intestinal  ti-oubles  in  kittens.  Excluding  these,  there  is  no  species,  or 
group  of  species,  left  either  genei-ally  occurring  or  in  suflBcient  numbers  to 
be  regarded  as  the  specific  pathogenic  plant  of  summer  diarrhoea.'' 

92.    BACILLUS   ACIDIFORMAN8. 

Obtained  by  the  writer  (1888)  from  a  fragment  of  yellow-fever  liver  pre- 
served for  forty -eight  hours  in  an  antiseptic  wrapping;  since  obtained  from 
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FiQ.  iSa.  Fio.  ISL 

Fis.  ]S0.— Biu:1Uu9»cldiIorauuu,  from  »  potato  culture,    x  1,000.     From  k  photomlcroKraph' 

CBtemberK  ) 

Fla.  IM.— Culture  of  Bacillus  acldKbrmaiu  la  nutrient  (wlatin,  end  of.four  d«.TS  at  1>*  d 

Prom  a  pbolOKrapb.    (.Stembei-K-) 


liver  preserved  in  the  same  way  from  two  comparative  autopsies — i.e.,  not 

cases  of  yellow  fever. 

Morphology. — A  short  bacillus  with  rounded  corners,  sometimes  short 
oval  iu  form;  frtim  IJ  to  3  >J  in  length  and  about  1.2  u  in  breadth ;  may  grow 
out  into  filaments  of  5  to  10  //,  or  mure,  in  length;  in  some  cultures  the  short 
oval  form  predominutes. 

Sfahis  readily  with  the  aniline  colors  usually  employed,  and  by  Gram's 
metluKl. 

Bioiiyyk-al  Characters.— An  aerobic  and  facultative  anaerobic,  non- 
liqtiefyiny,  non-motile  bacillus.  Does  not  form  spores.  Grows  rapidly  at 
the  tM^tom  temperature  in  the  usual  culture  media.  Grows  in  decidedly  acid 
media;  in  culture  media  containing  glycerin  or  glucose  it  produces  an  abun- 
dant evolution  of  carbon  dioxide,  and  a  volatile  acid  is  formed. 

II  does  not  liquefy  gelatin,  and  in  stick  cultures  grows  abundantly  both 
on  the  surface  and  along  the  line  of  puncture.  At  the  end  of  twenty-four 
hours,  at  22°  C.,  a  roiuided  white  mass  informed  upon  the  surface,  reseoibluig 
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the  growth  of  Friedlander's  bucillus;  at  the  bottom  of  the  line  of  puncture 
the  separate  colonies  are  spherical,  opaque,  and  pearl-Uke  by  reflected  light. 
Qas  bubbles  are  formed  in  the  g'elatin.  At  the  end  of  a  week  the  surface  is 
covered  with  a  thick,  white,  semi-fluid  mass. 

In  gelatin  roll  tubes  the  auperrtcial  colonies  are  translucent  or  opaque, 
and  circular  or  somewhat  irregular  in  outline;  by  reflected  light  they  are 
slightly  iridescent  ;  the  deep  colonies  are  spherical,  opaque,  and  homo- 
geneous. 

The  growth  upon  the  surface  of  nutrient  agar  is  abundant  and  rapid,  of 
a  shining  milk-white  color,  and  cream  like  in  con.siatence.  An  abundant 
development  form.s  aion^  the  line  of  puncture  and  the  culture  medium  is 
split  up  by  gas  bubbles.  lu  glycerin-agur  tlib  evolution  of  gas  is  very  abun- 
dant and  the  culture  medium  acquires  an  intensely  acid  reaction. 

On  potato  the  growth  is  abundant  and  rapid  at  a  temperature  of  20*  to 
30°  C,  forming  a  thick,  semi-fluid  Tua-sa  of  a  milk-white  color, 

I  have  not  obtained  any  evidence  that  this  bacillus  forms  spores;  the 
cultures  are  sterilizwi  by  ten  minutes'  exposure  to  a  temperature  of  KJO"  F. 

When  cultivated  in  bouillon  to  which  Qve  per  cent  of  glycerin  has  been 
added  the  culture  medium  acquires  a  milkjr  opacity,  and  there  is  a  copious 
precipitate,  of  a  viscid  consistence,  consi.stnig  of  bacilli;  during  the  period 
of  active  development  the  surface  is  covered  with  ga.s  bubbles,  as  in  a  sac- 
charine liquid  undergoing  alcoholic  fermentation,  and  the  liquid  ha.'*  a  de- 
cidedly acid  reaction. 

Pathogenesis. — Pathogenic  for  rabbits  and  for  guinea  pigs  when  injected 
into  the  cavity  of  the  alHlomon — one  to  two  cubic  centimetres  of  a  culture  in 
bouillon.  The  animal  usually  dies  in  less  than  twenty-four  hours.  The 
bacilli  are  found  in  the  bior)d  in  rather  small  numbers,  and  arefi*equently 
seen  in  the  interior  of  the  leucocyte.s.  The  spleen  is  enlarged,  the  liver 
normal,  the  intestine  usually  hyperuimic. 
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93.    BACILLUS   CUNICaLICIDA   HAVANIEN3I8. 

Obtained  by  the  writer  (1889)  from  the  contents  of  the  intestine  of  yellow- 
fever  cadavers,  and  also  from  fragments  of  yeltow-fever  liver  preserved  for 
forty -eight  hours  in  an  antiseptic  wi-ap- 
ping — mv  bacillus  X,  Havana,  1S89. 

Murpiiolivjii. — ^Thisbacillusresemblcs 
the  colon  baotllusin  form,  but  is  aome- 
■what  larger,  fi*om2  to  4  //  in  length  and 
from  0.8  to  1  /t  in  diameter  ;  sonietinvos 
associated  in  ptairs;  may  grow  out  into 
short  filaments — notcomnuju.  The  ends 
of  the  rods  are  rounded,  and  under  cei-- 
tain  cireumslances  viicuoles  are  seen  at 
the  extremities,  esiiecialjy  in  potato  cut- 
tares. 

ibVaiJi* quickly  with  theaniliuecolors 
asually  employed,  and  also  by  Gram's 
method. 

Biotogicftl  Charnctem. — An  ai'n)l)ic 
and  facnltnfhv  attaeroiur,  nuii-liqtte- 
fyiny  bacillus.  Under  certain  circum- 
stances may  exhibit  active  movements, 
but  is  usually  motionless. 

A  very  curious  thing  with  reference 
to  tliis  lianilhis  is  that  it  presented  ac- 
tive movements  in  my  cultures   made  directly  fn^m  yellow-fever  cadavere, 
but  that  these  movements  were  not  constant,  and  that  since  my  rt^turn  to 
Baltimore  I  have  not,  as  a  rule,  observed  active  movements  in  cultures  from 
the  same  stock,  which,  however,  preserved  their  pathogenic  power  and  other 
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Fia.  138.— Bacillus  cuaiculicida  Havanl* 
ensis,  from  a  sinRle  colony  tn  nutrient  Rf>1&- 
\Xa.  X  1,001}.  From  a  photo  micrograpb. 
(Bteruberf.) 
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characters.     Id  Harana  these  movements  were  usually  not  observed  in  tll_ 
the  bacilli  in  a  fit;ld  under  observation,  but  one  and  another  would  start  fr 
a  quiescent  condilioa  on  an  active  and  erratic  course ;  sometimes  spin r 
actively  upon  its  axis,  and  again  shooting  across  the  field  as  if  propelled  I 
a  llag-elluni. 

My  notes  indicate  that  cultures  passed  through  the  guinea-pi^  ar 
apt  to  l>e  motile. 

Ill  eelalin  stick  cultures  the  growth  of  bacillu-s  x  resembles  that  of  ! 
colon  oacillus,  but  the  colonies  at  tlie  bottom  of  the  liue  of  puticturvi 
mom  opaque  and  not  of  a  clear  amber  color  like  that  of  colonies  of  the  colon 
bacillus.  UuoiL  the  surface  the  growth  is  thicker  than  tliat  of  tho  oolon 
bacillus,  ana  forms  a  milk-white,  soft  mass. 

The  colonies  in  gelatin  Esiuareh  roll  tubes  vary  considerably  at  different 
times.  Deep  colonies  are  iisualljr  spherical,  homogeneous,  light  bniwn  in 
color,  and  more  ojKique  than  the  similar  colonies  of  the  c<jJon  l>acilIuiL  At 
the  end  of  a  few  days  the  deep  colonies  become  quite  opaque,  and  may  b* 
lubate,  like  a  mulberry,  or  coarsely  granular;  sometimes  the  deep  ooloain 
have  an  opa«]ue  central  portion  surrounded  by  a  transparent  nuir?>n*l  aaiM. 

In  old  gclatia  roll  tubes  these  deep  colonies  form  opaque  white  bemr* 
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Fw.  IM.  fiu    lit. 

T\g.  VU.— Bacillus,  cunlcullctda  Hsvanieoaiii;  colonies  In  KeUtlu  roll  tube,  thirl  day  trt^  C 
y  0.    From  ftptiotograpli.    (Sterttberg.) 

Fio.  IM.— Itoclllus  cuplculield*  HaT^nlamd* ;  ooloniM  In  icelAtia  roUtaba,  aad  aC  tmtgtttt 
boura.    A  10.    From  a  photOKrapb.    (etemberr,) 


spheres  projecting  from  the  surface  of  the  dried  culture  n»^diam,  nad 
tufts  of  acicular  crystals  are  sometimes  observed  to  project  from  iIm 
such  old  colonies. 

The  supcrticial  colonies  are  circular  or  irregular  in  outline,  wtth 
parent  inargin.s  and  an  opaf^ue  central  portion,  .sometimes  eorm^»ted. 
are  finely  granular  and  indascent  by  reflected  light,  and  of  a  mil* 

color;  by  transmttte<l   light  thev  have  a  brownish  color.     Yt>ung  „ 

closely  resemble  those  of  the  colon  bacillus.     This  bacillus  gr\>ws  ndlaA 
temperature  of  20'  C.  (68"  F.),  but  more  rapidly  and  luxuriautlv  at 
temperature— ;J0' to  35°  C, 

It  grows  well  in  agar  cultures,  and  especially  in  glycvrin-agur,  in 
it  prtxluces  some  gart  and  an  acid  reaction.     The  gniwth  on   llie 
of  glycerin-agar  cultures  is  white,  cream-like  iiicousistouce,  aud  qiiito 
dant. 

It  grows  well  in  an  agar  or  gelatin  medium  made  acid  by  the  addiUon  of 
0.2  per  cent  (1 :  600)  of  hydrochloric  arid. 
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[a  cocoanut  water  it  inultiijlies  rauidly,  producing  a  milky  opacity  of  the 
previously  trausparent  fluid,  aa  acio.  reaction,  aiid  an  evolutiou  of  carbon 
dioxide. 

On  potato  it  produces  a  thick  layer,  which  may  cover  the  entire  surface 
in  three  or  four  days,  and  which  has  a  dirty-white,  cream-white,  or  pinkish- 
white  color  and  cream-like  consistence.  Tlie  growth  upon  potato  varies  at 
different  times,  evidently  owing-  to  ditferences  m  tlie  potato. 

Wiien  stained  preparations  are  examined  with  the  full  light  of  the  Abbe 
condenser  tlie  ends  of  some  of  the  ttkIs  appe-ar  to  be  cut  away,  leaving  a  con- 
cave extremity;  but  by  u.siiig  a  small  diaphragm  to  obtain  definition  it  will 
t>e  seen  that  the  cell  wall  extends  beyond  Ihe  stained  portion  of  the  rod  and 
includes  what  appears  to  be  a  vacuole.  There  is  uo  reason  to  believe  that 
this  appearance  is  due  to  the  presence  of  an  end  Sfxire,  for  the  supposed 
vacuole  is  not  refractive,  as  a  spore  would  1>e.  and  my  experiments  on  the 
thermal  ileath-p<:>int  of  this  bacillus  indicate  that  it  does  not  form  spoies. 
Cultures  are  sterilized  by  exposure  for  ten  minutes  to  a  temperature  of  160° 
F.  (71.2°C.). 

Pathogeiiesis. — Very  pathogenic  for  rabbits  when  injected  into  the  cavity 
of  the  abdomen.  Itijections  of  a  small  quantity  of  a  pure  culliii'e  into  the 
ear  vein  or  subcutaneously  generally  give  a  negative  result.  Ijiieetions  of 
from  one  to  five  cubic  centimetrt'S  of  a  culture  in  bouillon,  blootl  serum,  or 
agua  coco,  into  tlie  cavity  of  the  alxlomeu,  frequently  prove  fatal  to  rabbits 
in  a  few  houre— tw  o  to  six. 

The  negative  results  obtained  in  injecting  cultures  beneath  the  skin  or 
into  the  ear  vein  of  nibbils  show  that  this  bacillus  does  not  induce  a  fatal 
septicainiia  in  these  anininls,  and  the  fatal  result  when  injections  are  made 
into  the  |>priloneal  cavity  does  not  appear  tfj  be  due  to  an  invasion  of  the 
blood,  but  i-allier  to  the  local  effect  ujkju  tlie  ]jeritoiieum,  together  with  the 
toxic  action  of  the  chemical  products  resulting  from  its  growth. 

It  is  true  that  I  have  always  been  able  to  recover  the  Ixieillus  from  the 
liver,  or  fi-oin  blood  obtained  fi"om  one  of  the  cavities  of  the  heart,  even  in 
animals  which  succumb  within  a  few  hours  to  an  injection  made  into  the 
cavity  of  the  ab<loinen.  But  the  direct  e.xamination  of  the  blood  shows  that 
ihe  l»ci]ti  are  present  in  very  small  numbers,  and  leads  me  to  believe  that 
the  bacillus  does  not  multiply,  to  any  considerable  extent  at  least,  in  the 
circulating  fluid. 

The  sfileen  is  not  enlarged,  as  is  the  case  in  anthrax,  rabbit  septicemia, 
and  other  diseases  in  which  the  pathogenic  microorganism  muJtiplies  abun- 
dantly in  the  blood. 

On  the  other  hand,  there  is  evidence  of  local  inflammation  in  the  peri- 
toneal cavity.  When  death  occurs  within  a  few  hours  tlie  peritoneum  is 
more  or  less  hypeneniic  and  there  is  a  considerable  quantity  of  straw-colored 
fluid  in  the  cavity  of  the  abdomen.  When  the  animal  lives  for  twenty 
hours  or  more  there  is  a  decided  ]>eritonitis  with  a  fibrinous  exudation  upon 
the  surface  of  the  liver  and  intestine.  Usually  the  liver,  in  animals  which 
die  within  twenty-four  hours,  is  full  of  blood,  rather  soft,  and  dark  in  color. 
In  a  single  instance  I  found  the  liver  to  be  of  a  light  color  and  loaded  %vith 
fat. 

The  rapidly  fatal  effect  in  those  cases  in  which  I  have  injected  two  or 
more  cubic  CBntirnetrea  of  a  culture  into  the  cavity  of  llie  abdomen  has  led 
me  to  suppose  that  death  results  from  the  toxic  effect*  of  a  ptomaine  con- 
tained in  the  culture  at  the  time  of  injection.  The  symptoms  also  give  sup- 
port to  this  supposition.  The  animal  quickly  becomes  feeble  and  indispo-sed 
to  move,  and  some  time  before  death  lies  helpless  ujion  its  side,  brealliing 
regularly,  but  is  t<x>  feeble  to  get  up  on  its  feet  when  di.sturbed.  Death  some- 
times occurs  in  convulsions,  but  more  frequently  without— apparently  from 
heart  failure. 

Pathogenic  also  for  guinea-pigs  when  injected  into  the  cavity  of  the 
abdomen,  but  death  di>e3  not  occur  in  so  short  a  time — eighteen  to  twenty 
hours.     Subcutaneous  injections  of  one-lialf  to  one  cubic  centimetre  gave  a 
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negative  result  in  eleven  out  of  thirteea  guinea-pigs  inoculated — two  di«d 
within  twenty-four  hours. 


94.    BACILLITS    LEPORI8   LKTHALI8. 

Obtained  by  Dr.  Paul  Gibicr  (1888)  from  the  contents  of  the  intestine  of 
yellow-fever  patients;  also  by  the  writer  from  the  same  source  (1888,  1889) 
in  exceptional  cases  and  in  comparatively  small  numbers.  Named  and  de- 
scribed by  pi-eseiit  writer. 

Murphologii. — Bacilli  with  rounded  ends,  from  1  to  3  //  in  length  and 
about  0.5  «  in  orcadth.  Tlio  length  may  vary  in  the  same  culture  f mm  a 
short  oval  to  nuls  which  are  two  or  three  times  as  long  as  broad,  or  it  may 
grow  out  into  ile.xibJe  filaments  of  considerable  length.  In  recent  cultures 
the  bacilli  are  frequently  united  in  pairs. 

Stains  readily  with  the  aniliue  colors  usually  employed.  In  cultures 
which  are  several  days  old.  Or  in  recent  culiures  when  the  stained  prepara- 
tion is  washed  in  alcohol,  the  ends  of  the  rods  are  commonly  more  deeply 
stained  than  the  central  porLioii — "  end  staining" ;  and  in  old  cultures  some 
of  the  bacilli  are  very  faintly  stained. 

Bioloijica!  Characters. — An  aerobic,  liqivefying,  actively  motile  bacillus. 
Does  not  form  spores. 

In  gelatin  stick  cultures,  at  the  end  of  twenty-four  hours  at  a  tempe- 
hiture  of  20'  to  22°  C,  there  is  an  abundant  development  along  the  line  of 
puncture  and  commencing  liquefa'--tion  at  the  surface.  Later  the  liquefaction 
IS  funnel-shaped,  and  tlu-re  is  an  opaque  white  central  core  along  the  line 
of  puncture,  with  liquefied  gelaltu  aitmnd  it.  Liquefaction  progresses  most 
rapidly  at  tha  surface,  and  in  the  course  of  three  or  four  days  the  upper  por- 
tion of  tha  gelatin  for  a  distance  of  half  an  inch  or  more  is  completely  lique- 
fied, and  an  opaquo  white  mass,  composed  of  bacilli,  rests  upon  the  surface 
of  tlie  unlitjueiied  portion. 

In  gelatin  roll  tubes  the  young  colonies  upon  the  surface  are  transparent 
and  resemble  somewhat  small  fragments  of  broken  glass;  later  liquefaction 
occurs  rapidly.  Deep  colonies  in  gelatin  roll  tulles,  or  at  the  bottom  of  stick 
cultures,  are  spherical,  translucent,  and  of  a  pale  straw  color. 

Upon  the  surface  of  nutrient  agar  it  grows  rapidly,  forming  a  rather  thin, 
translucent,  shining,  while  layer,  which  covers  the  entire  surface  at  the  end 
of  two  or  three  days  at  a  temperature  of  20°  C. 

Upon  potato  tlie  growth  is  rapid  and  thin,  covering  the  entire  surfaov, 
and  is  of  a  pale-yellow  color. 

This  bacillus  grows  at  a  compai-atively  low  temperature,  and  its  vitality 
is  not  destroyed  by  e.vposure  for  an  hour  and  a  half  in  a  freezing  mixture  at 
15°  C.  I>pIow  zero  (5°  ¥.). 

Decided  growth  occurred  in  a  stick  culture  in  gelatin  exposed  in  Balti- 
more during  the  mouth  of  January  in  an  attic  room.  During  the  twenty- 
two  days  of  exposure  the  highest  temperature,  taken  at  9  a.m.  each  day, 
was  11" C,  and  the  lowest  2'  C.  At  a  temperature  of  16°  to  20^  C.  develop- 
ment in  a  favurable  culturo  medium  is  rapid. 

There  is  no  evidence  that  this  bacillus  forms  spores;  cultures  are  sterilized 
by  exposure  to  a  temperature  of  6(1"  C.  for  ten  minutes. 

Coagulated  blood  serura  is  liquefied  by  this  bacillus.  Ttret-ains  its  vitality 
for  a  long  time  in  o!d  cultures,  having  grown  freely  when  replanted  at  the 
end  of  a  year  from  a  hermetically  sealra  lube  containing  a  pure  culture  ia 
blood  serum. 

Pathogenesis. — This  bacillus  is  very  pathogenic  for  rabbits  when  injected 
into  the  cavity  of  the  abdomen  in  (|uantities  of  one  cubic  centimetre  or  more; 
it  is  less  pathogenic  for  guinea-pigs,  and  ia  not  pathogenic  for  white  rata 
when  injected  subcutaneously.  Gelatin  cultures  seem  to  possess  more  in- 
tense piithogenic  power  than  bouillon  cultures,  and  cultures  from  the  blood 
of  an  animal  recently  dead  as  the  result  of  an  inoculation  are  more  potent 
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than  those  from  my  original  stock  which  had  not  been  passed  through  a 
susceptible  animal. 

The  mode  of  death  in  rabbite  is  quite  characteristic.  A  couple  of  hours 
after  receivingf  in  the  cavity  of  the  abdomen  two  or  three  cubic  centimetres 
of  a  liquefied  gelatin  culture  the  animal  becomes  quiet  and  indisposed  to  eat 
or  move  about.  Soon  after  it  becomes  somnolent,  the  head  drooping  for- 
ward and  after  a  time  restiug  between  the  front  legs,  wiih  the  nose  on  the 
floor  of  its  cage.  It  can  be  roused  from  this  condition,  and  raises  its  head  in 
an  indifferent  and  stupid  way  when  pushed  or  shaken,  but  soon  drops  off 
again  into  a  profound  sleep.  Frequently  the  animals  die  in  a  sitting  posi- 
tion, with  their  nose  resting  upon  the  floor  of  the  cage  between  the  front 
legs,  I  have  not  seen  thi.s  lethargic  condition  pro<luced  oy  inoculations  with 
any  other  microorganism.  Convulsions  sometimes  occur  at  the  moment  of 
death. 

The  time  of  death  depends  upon  the  potency  of  the  culture  and  its  quan- 
tity as  compared  with  the  size  of  tlio  animal.  From  three  to  four  cubic 
centimetres  of  a  liquefied  gelatin  culture  usually  kill  a  rabbit  in  from  three 
to  seven  hours. 

The  rapiditv  with  which  death  occurs  when  a  con.siderable  quantity  of  a 
liquefled  gelaUn  culture  is  injected  into  tiie  cavity  of  the  abdomen,  and  the 
somnolence  which  precedes  death,  give  rise  to  the  supposition  thatf^e  lethal 
eflFect  is  due  to  the  presence  of  a  toxic  chemical  substance  i-ather  than  to  a 
multiplicjition  of  the  bacillus  in  the  body  of  the  animal.  And  this  virw  is 
jBupportcd  by  the  fact  that  animals  frequently  recover  when  the  dose  admin- 
istered is  comparatively  small  and  especially  when  it  is  injf^cted  subcuta- 
neously. 

In  all  cases  in  which  death  occurs,  even  when  but  a  few  hours  have 
elapsed  since  the  inoculation  was  made,  I  have  recovered  the  bacillus  in 
cultures  made  from  blood  obtained  fmm  the  heart  or  the  interior  of  the 
liver,  and.  as  stated,  these  cultures  appear  to  have  a  greater  virulence  than 
those  not  passed  thi-ough  the  rabbit. 

In  sections  of  the  liver  and  kidner  stained  with  LofHer's  solution  of 
methylene  blue  the  bacilli  are  seen,  and  are  often  in  rather  long- jointed  fil- 
aments. 

95.   BACILLUS  PYOCTANBU8. 

Synonyms. — Bacillus  of  green  pus  ;  Microbe  du  pus  bleu;  Bacil- 
len  des  gninblauen  Eiters ;  Bacterium  aeruginosum. 

Obtained  by  Gessaxd  (1882)  from  pus  having  a  g^een  or  blue 
color,  and  since  carefully  studied  by  CJessard,  Charrin,  and  others. 
This  bacillus  appears  to  be  a  widely  distributed 
jg^L      ^  J|F      saprophyte,  wbich  is  fouud  occasionally  in  the 
^Hr      /|      »      purulent  discharges  from  open  wounds,  and  some- 
*^^       ^  times  in  perspiration  and  serous  wound  secretions 

(Qessard) .  The  writer  obtained  it,  in  one  instance, 
in  cultures  from  the  liTC5r  of  a  yellow-fever  cada- 
ver (Havana,  1S88). 

Morphology. — A  slender  bacillus  with  rounded 
ends,  somewhat  thicker  than  the  Bacillus  murisepticus  and  of  about 
the  same  length  (Fliigge) ;  frequently  united  in  pairs,  or  chains  of  four 
to  six  elements;  occasionally  grows  out  into  filaments. 

Biological  Characters. — An  aerobic,  liquefying,  motile  bacil- 
lus.    Grows  readily  in  various  culture  media  at  the  room  tempera- 
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til  re — more  rapidly  in  the  incubating  oven.  la  a  facultative  anae- 
robic (FrSxikel).  Does  not  form  spores.  The  thermal  death-point, 
as  determined  by  the  writer,  is  50°  C,  the  time  of  exposure  being  ten 
minutes.  In  gelatin  plate  cultures  colonies  are  quickly  developed, 
which  give  to  the  medium  a  fluorescent  green  color  j  at  the  end  of 
two  or  three  days  liquefaction  commences  around  each  colony,  and 
usually  the  gelatin  is  completely  hquefied  by  the  fifth  day.  Before 
liquefaction  commences  the  deep  colonies,  under  a  low  power,  appear 
as  spherical,  granular  masses,  with  a  serrated  margin,  and  have  a 
yellowish-green  color ;  the  superficial  colonies  are  quite  thin  and 
finely  granular ;  at  the  centre,  where  they  are  thickest,  they  have  a 
greenish  color,  which  fades  out  towards  the  periphery. 

In  stick  cultures  in  nutrient  gelatin  development  is  most  abun- 
dant near  the  surface,  and  causes  at  first  liquefaction  in  the  form 
of  a  shallow  funnel ;  later  the  liquefied  gelatin  is  separated  from 
that  which  ia  not  liquefied  by  a  horizontal  plane,  and  a  viscid,  yel- 
lu\vish-white  mass,  composed  of  bacilli,  accumulates  upon  this  sur- 
face, which  gradually  has  a  lower  level  as  liquefaction  progresses  ; 
the  transparent,  liquefied  gelatin  above  is  covered  with  a  delicate, 
yellowish-green  film,  and  the  entire  medium  has  a  fluorescent  green 
color.  Upon  nutrient  agar  a  rather  abundant,  moist,  greenish-whit* 
layer  is  developed,  and  the  medium  acquires  a  bright  green-color, 
wliich  subsequently  changes  to  olive  green.  Upon  potato  a  viscid 
or  rather  dry,  yellowish-green  or  brown  layer  is  formed,  and  the 
potato  beneath  and  immediately  around  the  growth  has  a  green  color 
when  freely  exposed  to  the  air  or  to  the  vapors  of  ammonia.  In  milk 
the  casein  is  first  precipitated  and  then  gradually  dissolved,  while  at 
the  same  time  ammonia  is  developed.  The  green  pigment  is  formed 
only  in  the  presence  of  oxygen;  it  is  soluble  in  chloroform  and  may 
be  obtained  from  a  pure  solution  in  long,  blue  needles ;  adds  change 
the  blue  color  to  red,  and  reducing  substances  to  yellow.  According 
to  Ledderhose,  it  ia  an  aromatic  compound  resembling  anthracene, 
and  is  not  toxic.  According  toGessard's  latest  researches  (1890),  two 
different  pigments  are  produced  by  this  bacillus,  one  of  a  fluorescent 
green  and  the  other — pyocyanin — of  a  blue  color.  Cultivated  in  egg 
albimiin  the  fluorescent  green  pigment,  which  changes  to  brown 
with  time,  ia  alone  produced.  In  bouillon  and  in  media  containing 
peptone  or  gelatin  both  pigments  are  formed,  and  the  pyocyanin 
may  be  obtained  separately  by  dissolving  it  in  chloroform.  In  an 
alkaline  solution  of  peptone  (two  per  cent)  to  which  five  per  cent  of 
glycerin  has  been  added  the  blue  pigment  alone  is  formed. 

Pathogenesis. — The  experiments  of  Ledderhose,  Bouchard,  and 
others  show  that  this  bacillus  is  pathogenic  for  guinea-pigs  and  rab- 
bits.    Subcutaneous  or  intraperitoneal  injections  of  recent  cultures — 
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one  cubic  centimetre  or  more  of  a  culture  in  bouillon — usually  cause 
the  death  of  the  animal  in  from  twelve  to  thirty-six  hours.  An  ex- 
tensive intlammati<ry  o'doma  and  purulent  infiltration  of  the  tissues 
result  from  subcutjineous  inoculations,  and  a  Buro-fibrinous  or  puru- 
lent peritonitis  is  induced  by  the  introduction  of  the  bacillus  into  the 
peritoneal  caWty.  The  bacillus  is  found  in  the  serous  or  purulent 
flui<l  in  the  subcuttmeous  tissues  or  abdominal  cavity,  and  also  in  the 
blood  and  various  or{i;ans,  from  which  it  can  be  recovered  in  pure 
cultures,  although  not  present  in  great  numbers,  as  is  the  case  in 
the  various  forms  of  septicfeniia  lieretofore  described.  When  smaller 
amounts  are  injected  subcutaneously  the  animal  usually  recovers 
after  the  formation  of  a  local  abscess,  and  it  is  subsequently  immune 
when  inoculated  with  doses  which  would  be  fatal  to  an  unprotected 
animal.  Immunity  may  also  be  secured  by  the  injection  of  a  con- 
siderable quantity  of  a  sterilized  culture.  Bouchard  has  also  pro- 
duced immunity  in  rabbits  by  injecting  into  them  the  filtered  urino 
of  other  rabbits  which  had  been  inocuhited  with  a  \4rulent  culture  of 
the  bacillus.  It  hiis  been  showTi  by  Bouchard,  ajid  by  Charrin  mid 
Guignard,  that  in  rabbits  which  have  been  inoculated  with  a  culture 
of  the  anthrax  bacillus  a  fatal  result  iiiay  be  prevented  by  suon  after 
inoculating  the  same  animals  with  a  pure  culture  of  the  Bticillus 
pyocj^aneus.  The  experiments  of  Woodhead  and  Wood  indicate  that 
the  antidotal  eflfect  is  due  to  chemical  pnxlucts  of  the  growth  of  the 
bacillus,  and  not  to  an  antagonism  of  the  living  bacterial  cells.  They 
were  able  to  obtain  similar  results  by  the  injection  of  sterilized  cul- 
tures of  Bacillus  pyocj-aneus,  made  soon  after  infection  with  the 
anthrax  bacillus. 

Schimmelbusch  (1S!)4)  reports  that  in  researches  made  by  Miih- 
sam  this  bacillus  was  found  in  the  axilla,  the  anal  region,  or  the  iu- 
g^uiual  fold  in  fifty  per  cent  of  the  health}-  individuals  examined. 
Its  presence  in  wounds  grefitly  delays  the  process  of  rejmir  and  may 
give  rise  to  a  general  depression  of  the  vital  powers  from  the  ab- 
sorption of  its  toxic  products.  Schimmelbush  states  that  a  physician 
injected  0.5  cubic  centimetre  of  sterilized  (by  heat)  culture  into  his 
foreann.  TJiat  as  a  result  of  this  injection,  after  a  few  hours  ho  had 
a  slight  chill,  followed  by  fever,  which  at  the  end  of  twelve  hours 
reaehetl  38.8^  ;  an  erysipelntoiiB-liko  swelling  of  the  forearm  oc- 
curred, and  the  glands  in  the  axilla  were  swollen  and  painful,  Re- 
covery occurred  without  the  formation  of  nn  abscess.  Buchner  has 
related  a  similar  case. 

Krannbals  (I8?)4)  refers  to  seven  cases  in  which  a  general  pyocy- 
aneus  infection  in  man  was  founJ,  and  adds  an  eighth  fmm  his  own 
experience.     In  this  the  Bacillus  pyocyaneus  was  obtained,  post  mor- 
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tern,  from  green  pus  in  the  pleiiral  cavity,  from  serum  in  tbe  peri- 
cardial sac,  and  from  the  spleen,  in  pure  culture. 

Martha,  Gruber,  Maggiora,  Gradenigo,  Kossel,  and  liobrer  bare 
reported  cases  in  which  the  Bacillus  pyocyaueus  has  been  obtained  ui 
pure  cultures  from  pus  obtained  from  the  tympanic  cavity  in  mi<iil]»- 
etir  disease.  Kossel  (1804)  relates  several  cases  in  his  own  expenence 
which  led  him  to  the  conclusion  that,  in  children,  the  Bacillus  pyocr- 
aneus,  through  general  blood  infection  or  indirectly  tJiroagh  ik* 
absorption  of  its  toxic  products,  may  be  the  cause  of  doatfa. 

The  following  varieties  of  this  bacillus  have  been  dcwcribiad  by 
bacteriologists: 


BACILLUS  PVOCY ANEUS  ?  (P.  Erust). 


o9l 


l\tit 


uhttfi 

jJeta 

»atm. 


Vousd  in  pus  from  Itanda^es  colore<l  green. 

Mbrptu>log}/.—ii\enderhacil\\   f i-om  2  to  4 )« long — occasionally  S  tO 
ami  from  0.5  to  0.75 /<  broad ;  sometimes  united  in  pairs,  or  chauuoltlirK 
eleuiputs. 

Biological  Characters. — An  aerobic,  liquefying,  actively  matiU,  dm- 
mofieiiic  bacillus.  Produces  a  ywllowish-jfrft'n  pig^uieiit;  wbm  oW  rsl- 
tiiil'.s  are  shaken  up  with  chloroform  and  this  is  allowed  t  - 
layers  are  fortnetJ — an  Ujiper,  clouded,  <lirty -yellow  liiriT  : 
milky,  pale-green  layer  ;  and  at  the  bottom  a  transparent.  .».> 
Spore  formation  has  not  lKM»n  demonstrated.  Grows  in  i!  ■• 
meiUa  at  tbe  r<x>m  temix^rature — more  rapiiUy  at 35  C'.  I  ; •  .! 
colonies  are  formed  reseml»linp  those  of  the.  well-known  Ba.  <'. . 
but  liquefaction  is  more  rapid.  In  gelatin  stick  ctiltur> a 
liquefaction  occurs  at  the  iipj)er  i)art  of  the  line  of  pum-tnrr  b j  fha  d!M 
(lay,  and  prngre.s.ses  more  rapidly  than  is  the  case  with  Bacillus  P3r<M)yiOSM 
uniter  the  same  cir(-umst;ince^  :  on  the  fifth  day  a  bluiali-grem  oolaristl^ 
velojHHi:  by  the  twelfth  day  liquefaction  has  oblitvr.itt-.l  Ibr  pnKm  line  M 
irrrnvth  anil  extends  to  the  margins  of  tbe  tul>e;  tb>  fva 

ilepfli  <jf  alxiut  one  centimetre  biis  a  dork  einernhl  :  «  tUm 

consisting  of  bacilli  is  seen  upon  flie  surfat-f.  Upt>ii  llm  tstHrJuera/ agar  it 
flat,  greenish- white,  dry  layer  is  formed  along  the  line  r>f  inoculatiuo.  bdJ 
the  agar  around,  at  the  end  of  a  week,  ai-'quircji  a  bin  ■  -,  foUtr.     I'pwn 

pittato,  at  the  end  of  three  days,  an  abundant  dry  .•»  f»wn  h*«'in» 

color  lias  develope<l :  this  is  surroinidotl  by  a  |)«le-gjvi u  ii 
potato,  and  at  )>ointA  where  the  surface  is  fissured,  an  int< 
color  i.s  developetl;  the  gi-owth  on  jioUito  Iwi.s  n  mon' .     '  j.  i- 

ance  ;  when  one.  of  the  fawn-colored  colonies  is  t<ni'  :_  i- 

needle,  the  |K)int  touched,  at  the  end  of  two  to  five  n 
tense  <lark  leaf-green  color,  which  roaches  its  nrnxi; 

ten  minutes,  and  has  failed  out  ajpiin  at  the  end  of  li.i .  ■  " 

sidera  this   "chameleon  phenomenon"  the    most    «1   u  . 

between  the  bacillus  under  consideration  and  Bac>lliL«  jj; 

a  green  color  is  develoiH>d  at  the  surface,  the  casein  is  |>M>cipflat«l  sod  mi^ 
■equently  peptonia-d. 

Bacillus  pyocyaneii^  pericavditidis.     Found  by  H.  C.  Erntfa 

fluid  obtaine<l  by  tapping  the  pericardial  sac  of  a  man  a(^<d 
seven  years.     Fluid  was  drawn  from  the  i)ericardial  aac  ou  foo 
ferent  occasions.     The  man  sul^equently  "eloped.**     Elmst  jj^ivis I 
following  description  of  this  bacillus: 


■n  eft 
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Oriofn.  —  Pericardial  fliiiil.  coiitainiii^j  alsrt  brit'illi  of  tul)ci'ciilosis. 

Form  and  Arkanoement.— Small  straigli I  bacilli,  with  rounded  ends, 
three  or  four  time.s  as  lontr  as  broad,  and  on  most  media  sliphlly  larger  than 
the  Bacillus  nyocyaneus  of  Gessard,  occurring  within  the  tells  in  the  origi- 
nal fluid,  Htul  sometimes  showing  two  or  three  end  to  eud,  but  never  observed 
ill  long  chains. 

Motility,— Actively  motile  in  hanging-drop  culture.  No  cilia  or  flogel- 
]a  have  l>et"n  denioiistrat<>d, 

Growth — Gelatin  :  Plates. — Colonies  appear  at  the  end  of  thirty-six  to 
forty -eie:ht  hours  as  fine  whit*  pc^ints  in  the  interior,  and  ujwii  the  surface  of 
the  medium  ;  edges  arc  sharply  ddined  ;  soun  there  appeal's  a  circular  zone 
of  liquefaction,  iinally  pas.siiig  through  the  stratum  of  the  medium  with 
the  colony  at  the  bottom.  Un<ler  a  k>w  pivwer  the  centre  of  the  colony  may 
be  of  a  brownish  ctdor.  On  the  secoiul  day  a  greenish  tinge  may  he  seen 
about  the  individual  ctdonies  on  the  surface  which  spreads  through  the 
entire  medium.  The  plates  may  always  he.  distinguished  from  those  of  the 
Bacillus  pyocyaiieu.s  of  Gcssanl  by  the  blttiahyreeii  when  contrasted  with 

re  vellowish-green  color  of  this  latter. 
Cfelatin:  Needle  Vulturcf*. — At  the  end  of  twenty-four  hours  a  small, 
«aucer-shai>ed  depression  of  liquefaction  at  u]>per  end  of  needle  track,  which 
gratlually  spn-ads  and  dcejwns  until  tlie  liquefaction  e.xtends  .straight  across 
the  tube,  and  alHJUl  half-way  down  the  needle  track.  A  bluish-green  tluoros- 
cence  appears  about  the  liquefied  p<irtion  at  the  very  upper  part  of  the  gela- 
tin, later  changing  into  a  yellowish  green.  Tlie  colony  is  deix>sited  as  a 
yellowish,  heavy  sediment  at  the  bottom  of  the  liqueHed  portion,  the  up^ier 
|iartof  which  is  clear.  A  .small,  whitish  growth  occurs  along  the  remainder 
of  the  needle  track.  Old  cultures,  in  which  a  certain  amount  of  evapora- 
tion has  occuri-ed,  assunie  a  ve.rv  dark  gn^enish -black  color. 

Agar-agar. — Along  Iheneetlle  track  ai)i>ears  ajiat.  dry  ixilntiy  nf  a  dirty 
gravish-white  color  .spi-oading  out  upon  each  side  of  the  iie<^'dle  tra^'k  and 
;>'r«">wing  at  fii-st  upon  the  surface  of  (he  water  of  cundensation,  later  dej)Os- 
itinga  white  »e«liment  at  the  bottuiu.  From  the  tii-st  thei-e  may  Ih>  detected, 
by  ri'flected  light,  a  metallic  lustre  on  the  surface  of  the  colouy  in  pla<'es, 
"wliich  metallic  shwm  later  spi*eads  over  the  whole  colony  and  furnishes  a 
market!  ditt'ereutiating  |wint.  In  a<ldi(ion  to  this,  within  twenty-four  to 
forty-eight  hours  at  liT' C,  there  appears  a  green  fluorescence  throughout 
the  wholt' of  tho  medium,  which  increases  slowly  to  a  marked  bluish-green 
color,  and  never  a.ssumes  the  nul-hrowu  of  the  Bacillua  i)yocyaueus  of 
Cressard  upon  tho  same  medium.     The  colony  is  not  e.»i]>e<'ia!Iy  viscid. 

Potato. — There  appeui-s  a  reddish  brown  ('(doiiv  ahmg  the  needle  track, 
elevated  and  moi.st,  confined  to  the  line  *yf  the  needle.  It  pre.seuts  no  chango 
of  color  upcm  touclung  with  the  needle,  but  certain  speeimens  fas  do  some  of 
the  Bacilhm  pyocyaneus)  develop  laterahe.avy  green  color  extending  over 
the  wholo  surface  of  the  potato,  which  later  changes  almo.st  to  bhw-k. 

Bouillon. — Twenty-four  hours  at  'M  C.  give.s  a  growth,  esixH'ially  on  the 
surfa<'e,  wliicli  is  a  wi'inkled  scum  ;  no  cloudines.s  of  the  bouilfon,  and  a  very 
faint  gi"eenish  lluore.sccnce  one  centimetre  below  the  surface.  At  this  time 
it  differs  from  tho  Bju'ilhis  nyocyaneus  of  Ges.sarrl,  in  that  the  lattersho\v-8 
cloudiness  of  the  medium  all  through.  Lfiter  the  same  cloudiness  appears  in 
bouillon  cultures  of  this  new  bacillus,  txjgether  with  a  whitish  sediment  de- 
posited at  the  l)ottoin  of  the  tube,  and  then  the  cultures  are  indi.stingui.^hable 
fi-om  each  other,  The  same  changes,  but  slower,  occur  at  i-oom  tempera- 
ture. 

Peptone. — One,  3.5,  and  six-jxr-cent  solution.  Twenty-four  hours  at  37" 
C.  gives  a  faint  bluish  tinge  at  upper  edge  of  rne<!ium  with  very  faint  cloudi- 
ness; later  (in  one  or  two  weeks)  there  forms  a  marked  scum  upon  the  sur- 
face that  is  difficult  to  break  up  by  shaking,  and  the  whole  medimn  assumes 
a  gra-ss-green  color  of  more  or  less  intensity,  and  not  .seen  cm  other  similiu' 
bacilli.    The  shape  and  size  of  the  organism,  under  tho  microscojK^,  diifer 
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very  markedly  in  this  medium  from  axiy  either  bacilli  examined, 
chancfes  are  to  be  seen  at  room  temperature,  but  more  slowly. 

higg- Albumin:  Plain. — Twenty-four  hours  at  37 C,  yellowul»-t» 
very  profuse  ^rrowth  all  alouj;  the  nee^Ue  track  ;  yellowish-gTwn  ^wwiii); 
out  from  it  almost  to  sides  of  tulje,  and  in  the  condensation  w;»l«r  M  wtlL 
The  gifjvvtli  Skis  no  especial  distinguishing  charafferistics,  I  rri^eolar  Uqw- 
faction  occurs,  but  the  growth  at  no  time  differs  in  any  niarkrd  way  froa 
other  varieties  of  the  Bacillus  pyocyaneus. 

Blood  Serum. — Twenty-four  hours  at  37'  C.  shows  tlat,  mojiit  eokn^ 
with  bhii.sh-f'i'een  Huorescence  in  its  neigliborhcKxl.  Liqueikcttoo  hfia 
early  and  pies  on  slowly  until  complete  in  from  one  to  two  wada,  wilk  ■ 
in('icu.sin;7  intensity  of  color  which  becomes  markedly  blue,  and  wwUbaaHj 
almost  black. 

Milk- — Behaves  as  do  the  other  bacteria. 

Behavior  to  Temperature.— Grows  at  16°-25'  C.  slowly;  modi, 
freely  at  35-38"  C,  when  it  produces  the  coloi  more  quickly. 

Rapidity  of  Growth. — Moderate. 

Spore-Productjon.— Not  observed. 

Need  ok  Air. — Does  not  grow  under  mica.     Facultatively  anaeroiwr,  I 
does  not  pi-oduce  color  except  with  free  access  of  oxygen. 

Ga8-Pboduction. — Pr<muce8  faint  foul  odor. 

Behavior  to  Gelatin.— Liquefies  gelatin  slowly. 

Color-Production. — Produces  a  bluish-green  color  which  in  old 
ttires  changes  almost  to  a  black.  Upon  the  addition  of  acids  (both ' 
and  mineral)  to  cultures  the  color  changes  U.>  red.  and  u{><:>n  the  wiHiftflU  rf 
alkali«'s  a  bright  grass-gi-een  apjjpars.  This  reaction  is  h«st  !)een  ill  booQln 
and  gelutiii  cuUure.s,  hut  occurs  in  other  media  as  well,  notably  1  ilijod  mi  ■!■ 

Behavior  to  Aniline  Dyes.— Stains  ea&-ily  and  well  with  aay  ei  ita 
aniline  dyej«  usually  employed,  and  by  Gram's  method. 

MicHosi'OPio  Appearance  in  Different  Meoia. — Under  the  wiav- 
scope,  it.s  general  aiipearance  on  various  media  is  of  a  rod  larj^r  ihau  tkc 
Baiillus  pyoeyaneus.  In  [leptttne  cultures  this  difference  is  vtsrr  rnvML 
In  thiscii.se,  tin- Bacillus  pyoeyaneus  tested  appeared  as  T«ry  •hoit,  onL 
btu-illi,  almost  like  miinx-occi'  while  the  new  nacilhis  showed  Ma  kac. 
Hno  iih),  from  four  to  si.x  times  as  hing  as  broad — h'  >nt  omhtlf  1M 

diameter  of  a  red-blood  corpuscle — and  arranged  >  ■    ■•■s  two  mt  ttnt 

end   to  end.     These  same   cultures  transfeiTed  to  gulutiu  be 
guishable  from  each  other  in  size 

Pathooenesis.— Inje<tions  of  small  quantities  (0.5ceti''  ^  * 
Ion  culture  twenty-four  hours  old  into  the  abdominal  c;i 
guinea-pigs,  killed  fifty  per  cent  in  from  twenty-four  i«>  imrtv  »ix 
Autojwv  showed  general  congestion  of  abdominal  Wsoera,  alis^ht 
the  perttoneal  cavily,  and  cover-glass  preparations  and  i  iilliinii  ■Imi»»J  th 
bacilli  in  the  elTusion  in  the  abdominal  cavity,  as  well  as  in  tlie  blood  fron 
tlic  heart  and  various  organs. 

96.   BACILLUS  OF  FIOCCA. 

Found  by  Fiocca  in  the  saliva  of  cats  and  dews. 

Closely  resembles  the  intiuenza  bacillus  of  Pteiffer  and  of  Oanoa. 

Aforpfioltti/y. — Resembles  the  bacillus  of  rabbit  sepcicamia,  batb 
half  as  large— from  0.2  to  033  m  in  breadth.  The  len^h  is  but  littb  cnatf 
thuii  the  brejtdth.  Usually  seen  in  pairs,  closely  nsaemblinv  dtpMWiL 
When  cultivated  on  potato  it  appears  to  be  a  niicrucoocua,  but  intttUaii 
of  infected  aninuils  and  in  bouillon  cultures  it  is  seen  to  b«  aahort  kadUa^ 

Stuins  with  ditliculty  with  the  usual  aniline  colon,  but  is  rMliljMaaai 
by  Ehrlich's  method  or  with  Ziehl's  solution. 

liiitloyical  ChaixieterH.  —  Aa  aeroltic  and  faeuliatitm  anatrobie.  iwa- 
/M7f<.c/^m(7,  nori-mof (7e  bacillus.     Spore  fonuatiou  not  obaerrod.  G«o«>bal 
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at  37'  C.  and  does  not  develop  at  temperatures  below  15'  C.  In  agar  plates, 
at  37°  C  small,  puucliform  colonies  ai-e  developed  at  the  end  of  twenty-four 
]>ours;  these  do  not  increase  in  size  later;  iioder  the  microscope  tlie  deep 
colonies  are  seen  to  be  spherical,  granuhir,  and  dark  yellow  in  colt>r;  the 
supcrticial  ctdonies  are  more  or  less  round,  with  irregular  outlines,  Irans- 

farent,  slightly  granular,  and  often  have  a  shining  nucleus  at  the  centre, 
'pon  gelatin  plates  the  colonies  have  a  similar  appearance,  but  are  not  vis- 
ible in  Ips.s  than  four  or  Uvo  days.  In  streak  cultui-es  upon  the  surface  of 
agar  small,  punctifomi  colonics  are  seen  along  the  track  or  the  needle  at  tlie 
end  of  twenty-four  hours,  resembling  line  dewdrops;  the  following  day 
these  colonies  are  a  little  larger  and  less  transparent;  they  remain  distinct, 
esjK^ially  along  the  margins  of  the  line  of  growth.  Upon  /lotaky  a  very 
thin,  transparent  layer  is  developwl,  which  does  not  change  the  appaarance 
of  the  surface  of  the  potato,  hut  sliirhtly  increitses  ite  resistance  to  the  plati- 
num needle.  In  btniiUon  small  llocculi.  susfiended  in  the  clear  liquid,  are 
developed  within  twenty-four  hours;  these  subsecjuently  sink  to  the  bottom. 
Miue  is  not  coagulated  by  this  bucillus,  and  no  gas  i.i  produced  in  media 
containing  sugsxr. 

Pathttyenesis. — Pathogenic  for  rabbits,  guinea-pigs,  young  rats,  and  mice, 
in  which  animals  it  pro«luces  general  infection,  and  death— in  rahbita— at 
llie  end  of  twenty-four  hours.  The  bacillus  is  found  iu  the  blood  in  gi-eat 
ji  umbers. 

97.   PBOTKU8  VULGARIS. 

Obtained  by  Hauser  (1885)  from  putrefying  anitnal  substances, 
and  since  shown  to  he  one  of  the  most  common  and  -widely  distrib- 
uted putrefactive  bacteria.     This  and  the  otiier  species  of  Proteus 


Fro.  IM.—Proteoa TolKiU'la;  "BwanoiDKUlands"  from* gvlatin culture.    X  98B.    (H>ua»r.j 

described  by  the  same  bsicteriologist  (Proteus  niirabilis,  Proteus  Zen- 
keri)  have  no  doubt  frequently  been  encountered  by  previous  observ- 
ers, and  are  among  the  species  formerly  included  under  the  name 
"  Bacterium  termo,"  which  was  applied  to  any  minute  motile  bacilli 
found  in  putrefying  infusions. 

Morphology. — Bacilli  with  rounded  ends,  about  O.G  fi  broad,  and 
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varjnng  greatly  in  length,  being  sometimes  short  oval,  and  at  others 
from  1.25  to  3.75  /i  in  length  ;  also  grow  out  into  flexible  filaments, 
which,  may  be  more  or  less  ■wavy  or.  spiral  in  form.  The  short  rods 
are  commonly  seen  in  pairs  ;  they  have  terminal  fiagella ;  involution 
forms  are  frequently  seen,  the  most  common  being  spherical  bodies 
ribout  1.6  fi  in  diameter.  In  old  cultures  in  bouillon,  or  in  cultures 
niiide  in  meat  infusion  in  the  incubating  oven,  the  short  oval  forms 
greatly  predominate,  but  in  recent  cultures  in  nutrient  gelatin  fila- 
ments of  considerable  length  are  encountered  in  association  with 
shorter  rods. 

Stains  readily  with  fuchsin  or  gentian  violet — ^not  so  well  with 
the  brown  aniline  colors  ;  does  not  stain  by  Gram's  method  (Cheyne). 

Biological  Characters. — Anaerobic  a.nd  facultative  anaerobic, 
liquefying,  motile  bacillus.  Grows  rapidly  in  the  usual  culture 
media  at  the  room  temjH^rature. 

The  growth  upon  gelalin  plates  (five  per  cent  of  gelatin)  at  the 
rtx)m  temperature  is  very  characteristic  ;  at  the  end  of  six  or  eight 
hours  small  depressions  in  the  gelatin  are  observed,  which  contain 
liquefied  gelatin  and  grayish-wliite  masses  of  bacilli.  Under  a  low 
power  these  depressions  are  seen  to  be  surrounded  by  a  margin.T.1 
zone  consisting  of  two  or  three  layers,  outside  of  which  is  a  zone  of  a 
single  layer,  from  which  amueba-like  processes  extend  upon  the  sur- 
face of  the  gelatin.  These  proces.ses  are  constantly  undergoing 
changes  in  their  form  and  position,  and  may  become  separated  from 
the  mother  colony,  or  remain  tempK)rarily  attached  to  it  by  a  narrow 
thread  consisting  of  bacilli ;  after  a  time  the  entire  surface  of  the 
gelatin  is  covered  with  wandering,  amoeba-like  colonies ;  these 
rapidly  cause  liquefiiction,  which  by  the  end  of  twenty-four  to  forty- 
eight  h<iurs  has  reached  a  depth  of  one  millimotrj  or  more  over  the 
entire  surface.  The  deep  colonies  also  are  surrounded  by  processes 
projectiTig  into  the  gelatin,  whit-h  may  be  observed  to  suddenly  a*i- 
vance  and  again  to  be  i-etracled  towards  the  central  zooglcea-like 
mass,  Li<iuefaction  around  the  colony  rapidly  progresses,  and 
actively  motile  nwls  and  spiral  filaments  may  be  seen  about  the  peri- 
phery of  this  liquefied  gelatin,  while  about  it  is  a  radiating  crown  of 
irreguliir  proces-ses,  some  of  which  noay  be  screw-like  or  corkscrew- 
formed.  In  ten-por-cont  gelatin  the  migration  of  surface  colonies, 
above  described,  is  not  observed.  In  gelatin  stick  cultures  liquefac- 
tion occurs  along  the  entire  line  of  puncture,  and  soon  the  contents 
of  the  tube  are  completely  litiuefied  ;  near  the  surface  of  the  liquefied 
gelatin  the  growing  bacilli  form  a  grayish-white  cloudiness,  and  at 
the  bottom  of  the  tube  an  abundant  flocculent  deiKJsit  is  formetL 
Upon  the  surface  of  nutrient  agar  a  rapidly  extending,  moist,  thin, 
gra^-ish- white  layer  is  formed.     Upon  potato  this  bacillus  produces  a 
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dirty-white,  moist  layer.  The  cultures  in  media  containing  albumin 
or  gelatin  have  a  putrefactive  oilor  and  acquire  a  strongly  alkaline 
reaction.  A  temperature  of  20°  to  24"  C.  is  most  favoi-able  for  the 
growth  of  this  bacillus.  It  is  a  facultative  anaerobic  and  grows  in 
an  atmosphere  of  hydrogen  or  of  carbon  dio-xide,  although  not  so 
rapidly  a-s  in  the  presence  of  oxygon.  The  movements  are  often  ex- 
tremely active  and  difficult  to  follow  under  the  microscope  ;  again 
they  may  be  quite  deliberate,  or  the  bacilli  may  remain  motionless 
for  a  time  and  again  dart  off  in  active  motion.  The  long  terminal 
flagella  may  sometimes  be  discerned  by  means  of  a  good  objective 
and  careful  manipulation  of  the  light. 

Pathogenesis. — Pathogenic  for  rabbits  and  for  guinea-pigs  when 
injected  into  the  circulation,  into  the  cavity  of  the  abdomen,  or  Bub- 
cutaneously  in  considerable  quantity.  Cultures  in  nutrient  gelatin 
are  said  by  Cheyne  to  be  more  pathogenic  (toxic)  than  those  in  bouil- 
lon. When  injected  into  the  muscles  of  rabbits  a  much  smaller 
dose  produces  a  fatal  result  than  when  injected  8ubcutaneoii.sly. 
In  Cheyne "s  experiments,  made  in  London  (1886),  one-tenth  cubic 
centimetre  of  a  liquefied  gelatin  culture,  injected  into  the  dorsal 
muscles,  was  invariably  fatal  in  from  twenty-four  to  thirty-six  liour.^; 
a  dose  of  one-twentieth  cubic  centimetre,  injected  in  the  same  way, 
usually  caused  death;  while  one-fortieth  cubic  centimetre  gave  rise  to 
an  extensive  local  abscess,  and  the  animals  died  at  the  end  of  six  or 
eight  weeks.  Doses  of  less  than  one-five-hunilredth  cubic  centimetre 
produced  no  effect.  Cheyne  estimates  that  one  cubic  centimetre  of  a 
culture  in  nutrient  gelatin  contains  4,500,000,000  bacilli,  and,  conse- 
quently, that  a  smaller  number  than  9,000,000  produced  noeffect  whc>n 
injected  into  the  muscular  tissue  of  rabbits.  Injections  into  the  sub- 
cutaneous connective  tissues  of  a  dose  twice  as  large  as  that  which  in- 
variably proved  fatal  when  injected  into  the  muscles  usually  caused 
an  extensive  abscess,  but  did  not  kiU  the  animal ;  and,  after  re- 
covery from  the  effects  of  such  an  injection,  the  rabbit  was  found  to 
be  immime  against  a  similar  do.^e  injected  into  the  muscles.  Foil 
and  Bonome  have  succeeded  in  producing  immunity  against  the 
effects  of  virident  cultures  of  this  bacillus  by  inoculating  rabbits  with 
filtered  cultures,  and  also  hy  injecting  beneath  the  skin  of  these  ani- 
mals a  solution  of  nourin,  which  they  believe  to  be  the  principal 
toxic  product  present  in  the  cultures. 

Proteufi  Vulgaris  in  Cholera  Infantum. — The  extended  re- 
searches of  Booker  have  led  him  to  the  conclusion  that  this  bacillus 
plays  an  imjK>rtant  part  in  the  production  of  the  morbid  symptoms 
■which  characteri7/0  cholera  infantum.  Proteus  vulgaris  was  found 
in  the  alvine  discharges  in  a  considerable  proportion  of  the  cases  ex- 
amined, but  was  not  foimd  in  the  faeces  of  healthy  infants,     "  The 
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Ijrominent  symptoms  in  the  cases  of  cholera  infantum  in  which  the 
proteiis  bacteria  were  found  were  drowsinesH,  stupor,  emaciation 
and  great  reduction  in  flesh,  more  or  less  collapse,  frequent  vomiting 
and  purging,  with  watery  and  generally  offensive  stools." 

The  researches  of  Knjgius,  Schnitzler,  Schmidt  and  Aschoff,  and 
others,  show  that  in  eases  of  cystitis  and  of  pyelonephritis  this  bacil- 
lus is  frequently  found  in  pure  cultures,  or  associated  >vith  other  bac- 
teria. The  authors  last  name<l  state  that  in  sixty  cases  of  cystitis 
reported  by  various  authors  the  colon  bacillus  was  found  in  pure  cul- 
tures, and  in  thirteen  cases  the  proteus  of  Hauser.  Next  to  Bacillus 
coli  communis  Proteus  vulgaris  appears  to  be  the  microorganism , 
most  frequentlj-  concerned  in  the  etiology  of  pyelonephritis. 

Levy  (18ft5)  isolated  from  sour  yeast  a  bacillus,  which  he  identified 
as  "  Proteus  Hauseri,"  and  made  numerous  ex[X?riments  on  dogs  to 
test  its  i>athogenic  power.  From  live  to  ten  cubic  centimetres  of  a 
liquefied  gelatin  culture  injected  into  the  circulation,  through  a  vein, 
caused  tbe  typical  symptoms  of  "  sepsin  jxiisoniug,"  as  formerly  de- 
scribed by  Bergmann  and  Schmeideberg  (18U8).  In  two  dogs  which 
died  at  the  end  of  forty -eight  hours  the  intestinal  tract  was  found  in 
a  condition  of  intense  hemorrhagic  infiltration.  The  spleen  and 
glands  of  the  mesentery  were  much  enlarged.  But  a  bacteriological 
examination  gave  an  entirely  negative  result,  showing  that  death 
resulted  from  toxaemia  and  not  from  septicaemia.  Further  experi- 
ments allowed  that  the  dried  pj-ecipitate  obtaineti  from  lic^uefied  gela- 
tin cultures,  by  the  addition  of  alcohol,  had  the  same  pathogenic 
action  on  dogs,  rabbits,  and  mice  as  cultures  containing  the  living 
bacilli.  That  a  similar  i>athogenic  effect  is  protluced  in  man  by  the 
product.s  of  growth  of  this  bacillus  was  shown  by  the  following  facts: 
While  conducting  his  experiments  Levy  had  an  opj>ortunit}'  to  make 
a  bacteriological  examination  in  the  case  of  a  man  who  dietl  after  a 
brief  attack  of  cholera  morlius.  From  the  vomited  material  and  the 
stools  he  obtained  a  pure  culture  of  proteus;  but  the  blood,  collected 
at  the  autopsy,  was  sterile.  In  the  mean  time  seventeen  other  per- 
sons who  had  eaten  at  the  .same  restaurant  were  taken  sick  in  the  same 
way.  Upon  an  examination  at  the  restaurant  it  was  found  that  the 
bottom  of  the  ice  chest  in  which  the  proi)rietor  kept  his  meats  was 
covered  with  a  slimj',  brown  layer,  which  gave  off  a  disagreeable 
odor. '  Cultures  from  this  gave  the  proteus  as  the  principal  micro- 
organism present.  Levy  concludes  from  his  own  investigations  and 
those  of  other  bacteriologists  that  in  so-called  "flesh-poisoning"  bac- 
teria of  this  group  are  chiefly  at  fault,  niul  that  the  pathogenic  effects 
are  due  to  toxic  products  evolved  during  their  development. 
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98.    PROTEUS  OF   KARLINSKI. 

Synonym. — Bacillus  niurisepticug  pleomorphus  (Karlinski).  Probably 
ideutical  with  Proteus  vulgjiris  of  Ilauser. 

Obtained  by  Kai-linski  (1889)  from  a  fibro-purulent  uterine  dischar^,  and 
from  absceases  in  the  uterus  and  its  appenda^ia  in  a  puerperal  vvotrian, 

Morphology. — Reseinblos  Proteus  vulgaris  of  Hauser  in  ita  morphology, 
and  presents  various  forms  under  ditferent  circumstances  relating  to  the 
culture  mc^dium,  the  tcnijMaratui-e,  ajje  of  culture,  etc. — sometimes  as  spheri 
cal  or  short  oval  cells,  at  othfirs  as  lonia^jr  or  shorter  rods  or  spiral  filaments; 
usually  as  bacilli  with  round  ends  two  and  a  half  times  as  long  as  thick, 
often  united  in  paii-s. 

Stains  with  the  usual  aniline  colors,  but  not  bv  Gram's  method. 

Bioloyical  Characters. — An  a^rohic  &ni.\fm^(iitatii'eonaerct>ic,liqrtefy' 
ing,  mo^/te  bacillus.  Spore  formation  not  observed.  Grows  rapidly  in  the 
usual  culture  metlia  at  the  r<ioni  temperature.  In  gelatin  plate  ctdfures,  at 
the  end  of  ten  hours,  small  colonies  are  developed  which  have  well-defined 
outlines,  ;ir«  oval  or  whetst4jne-slmi>ed,  of  a  light-brown  color  by  transmitted 
light  and  white  by  reflected  light,  with  a  somewhat  darker  margin  and  a 
smooth  surface,  sometimes  marked  by  shallow  clefts;  at  the  end  of  twenty 
hours  the  colonies  commence  to  have  irregular  margins,  and  the  surface  of 
the  gelatin  above  them  is  marked  by  concentric  rings.  At  the  end  of  thirty 
hours  the  colonies  have  formed  a  biilb-shai>ed  liquefaction  of  tlie  gelatin, 
and  delicate,  my  like  otfshogts  are  seen  around  the  margin.  At  the  end  of 
two  days  the  bulbous  cavities  arealwutone  and  a  half  niiHimetre.s  jii  diameter 
and  contain  a  cloudy,  grayish-while  liquid;  they  are  surrounded  by  a  moist- 
ItKjking,  gray,  irregular  margiual  zone.  In  gelatin  stick  cultures,  at  the  end 
of  twenty-four  hours,  a  funnel-shaped  liquefaction  of  the  gelatin  occurs  near 
the  surface,  and  a  gruyish-white,  cloudy  mass  is  develo[)ed  along  the  line  of 
puncture;  at  the  end  of  forty-eight  hours  a  sac-like  pouch  of  liquefied  gehi- 
lin  has  formed,  and  in  the  ooursa  of  four  or  five  days  the  gelatin  is  entirely 
liquefied.  UjH>n  a<jar  plates  the  colonies  are  at  first  oval  in  form  and  white 
by  reflected  light,  or  pale  brown  by  transmitted  light  ;  at  the  end  of  thirty 
hours  tlae  surface  becomes  wrinkled  or  folded  and  is  surrounded  by  radiat- 
ing, delicately  twisted  offshoots.  Upon  the  surface  of  agar  a  white  layer 
is  developed.  Upon  potato  a  whitish-gray,  soft,  homogeneous  layer,  which 
after  standing  along  time  has  a  darker  color.  Upon  blood  serum  a  thin, 
grayish-white  layer  is  formed  and  the  serum  is  rapidly  liquefied.  Gelatin 
cultures  acquire  a  strnnijly  alkulino  reaction  and  give  off  a  disagreeable 
odor  resembling  that  of  butyric  acid. 

Pathogenesis. — White  mice  inoculated  at  the  mot  of  the  tail  die  in  from 
twenty-two  to  twenty-four  hours  ;  the  spleen  is  greatly  enlarged;  the  bacilli 
are  found  in  blood  from  the  various  orgjins — less  numerous  in  blood  from 
the  heart.  Field  mice  and  house  mice  ai-e  less  susceptible.  Subcutjineous 
injections  in  ralthits  may  give  rise  to  liK'al  inflammation  and  also  to  general 
infection.  In  white  rats  and  guinea-pigs  a  local  abscess  may  result  fi-om  a 
subcutaneous  inoculation. 


I 


.       99.    PROTEUS   MIRABIUS. 

Obtained  by  Hauser  (1885)  from  putrefying  animal  substances. 

ifoi-pfeo/og^.— Bacilli  resembling  very  closelythe  preceding  species  [Pro- 
teus vulgarisj,  but  prejscntiug  more  numerous  involution  forms,  which  may 
l>e  spherical,  pear-shaped,  or  spermatozoa-like,  etc.  The  bacilli  are  about 
0.6  /<  in  diameter  and  vary  greatly  in  length,  being  sometimes  nearly  spheri- 
cal, or  forming  rods  of  8  to  3.75  /i  in  length,  or  long  filaments. 

Bioloaical  Characters. — An  aernl/ic  e.nd  faciiltaiif^  anaerobic,  liquefy- 
ing, motile  bacillns.  Spore  formation  has  not  been  ob.served.  Grows  in  the 
usual  culture  media  at  the  room  temperature.     Does  not  liquefy  gelatin  as 
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rapidly  aa  Proteus  vulgaris.     Upon  gelatin  plates,  at  the  end  of  twelve 

hours,  superlicial  coluiiiesof  two  \o  three  milJiinet'^aiii  tlianielerare  formed: 
under  a  low  power  tlie-se  appear  finely  granutar  and  bnjvvnish  in  color,  and 
have  an  irreg'ular  outline ;  oul^'powtha  from  the  niarjrin  extend  in  various 
directions  and  form  new  colonies,  which  may  be  attached  for  a  time  by  a 
long  and  slender  thread  consisttn;^  of  bacilli.  The  movement  of  these  new 
coluuiea  is  not  sm  pronounced  as  iu  the  case  of  the  preceding  species,  and 


Fta.  107.— "SinurmliiK  Ulanda"  of  FroCeuamlntiflU,  from  a  gelatin  culture,    x  MB.    CHaoMr.) 

they  are  characterized  by  the  presence  of  numenias  distorted  bacilli — invo- 
lution forms.     The  deep  colonies  form  fijviral  zoiigloea  masses. 

In  golnliri  stick  cultures  the  whole  surface  is  first  covered  with  threads 
and  islands  of  bacilli,  which  after  a  lime  furui  an  anaslomosinc;  network,  and 
finally  a  ccjntiuent  layer  which  at  the  end  of  forty -eight  hours  is  rather  thick. 


Tia.  IM.— Spiral  toSgioM  from  a  eulture  of  Proteus  mlnbdis.    x  tft.    C 

with  a  moist,  shining  surface  and  gra^-ish  color,  and  appears  to  be  perforated 
with  numerous  sniall,  sieve-like  openings.  These  thinner  and  transjmrent 
places  disappear  after  a  time,  and  at  the  end  of  two  or  three  days  liquefac- 
tion of  the  gelatin  commences;  complete  liquefaction  does  not  occur  until 
the  fifth  or  sixth  day,  or  even  later.  Along  thu  line  of  puncture  finely  gran- 
ular colonies  are  flrst  formed,  from  which  long  threads  ai-e  given  off,  which 
form  after  a  short  time  a  tolerably  broad  zone  of  threads  ana  spiral  soogluia 
masses. 
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Pathogeneftia. — In  Hauser's  experiments  filtered  cultures  (twotoBix  cubic 
centimetres),  injected  into  the  circulation  or  into  the  cavity  of  the  abdomen 
iu  rubbitjj,  caused  fatal  toxaemia. 

100.  PROTEUS  ZENKERI. 

Obtained  liy  Hauser  (1885)  from  putrefyinif  animal  substances. 

Mot^holog'y. — Bjicilli  which  vary  greatly  in  length — average  about  1.65  ;i, 
and  about  0.4  fi  broad. 

Biolofjical  CharacterK. — An  nSrottic  and  fctcxiltative  anaerobic,  non- 
hqvefying,  motile  bacillus.  Spore  formation  not  observed.  Grows  in  the 
usual  culture  media  at  the  room  temperature.  Upon  the  surface  of  nutrient 
gelatin  a  laminated  mass  forms  about  the  point  of  puncture,  from  the  peri- 
phery of  which  otfslioots  are  given  otf,  at  tlie  extremities  of  which  colonie.s 
are  formed,  as  in  lliecaseof  Proteus  niirabilia.  Gradually  a  rather  thick, 
grayish-white,  opaque  layer  is  formed,  which  covers  the  entire  surface  of  the 
gelatin  and  is  ea.siiy  detached  fr»nn  it.  This  species  is  distine-ui-shed  from 
the  two  preceding  by  the  fact  that  it  dt)es  not  liquefy  gelatin  or  bliw^xl  serum 
and  does  not  give  off  a  decided  putrefactive  odor  when  cultivated  in  these 
aiedia. 

Pathogenejiia. — Considerable  quantities  injected  into  small  flnJTnf^lff^  give 
riae  to  local  ausceases  and  to  symptoms  of  toxiemia. 

101.  PROTEUS  8EPTICUS. 

Obtained  by  Babes  (18^9}  from  the  mucous  membrane  of  the  intestine  and 
the  various  orj^ns  of  a  boy  who  died  of  seutiwEmia. 

Mnrphtilvytf. — Bacilli  about  0.4  ;<  broad  and  varying  greatly  in  length; 
slightly  curved  rods  orilexible  filaments,  often  aa-sociated  n\  loose  chains. 

Stains  by  the  usual  aniline  colors  aud  by  Oram's  method. 

Biological  Characters, — An.  aei-o6ic,  liquefyinq,  motile  bacillus.  Spore 
formation  not  observed.  Grows  in  the  usual  culturo  media  at  the  room 
temperature.  In  gelatin  plates  centres  of  liquefaction  are  quickly  formed 
and  rapidly  extend.  The  spherical,  liquefied  places  have  at  fii*st  a  wavy  or 
dentate  outline,  and  are  surrounded  by  a  branching,  transparent,  granular 
margin  which  rapidly  extends  in  advance  of  the  liquefaction.  In  stick  crU- 
tures  in  nutrientgelatin  liquefaction  of  the  entire  contents  of  the  tube  may 
take  place  within  twenty-four  hours,  or  a  brojid,  liquefied  sac  is  formed 
along  the  line  of  puncture.  Gelatin  cultures  give  off  a  very  disagreeable 
cxlor.  Upon  the  surface  of  nniiient  agar,  at  37°  C,  a  peculiar,  thick  net- 
work extends  over  the  surface  in  the  course  of  a  few  hours.  U[x>n  potato  an 
elevated,  brownish-white,  shining  layer  is  formed.  Blood  serum  is  lique- 
fied by  this  bacillus. 

Pathogenesis. — Pathogenic  for  mice,  less  so  for  rabbits.  In  mice  death. 
occurs  in  from  one  to  thi'ee  days  after  the  subcutaneous  injection  of  a  small 
quantity  of  a  pure  culture  ;  the  bacilli  are  present  in  the  blood  in  small 
numbers. 

102.  PROTEUS   LETHALIS. 

Sf/nonym. — Proteus  bei  Lunpengangmn  dcs  Menschen  (Babes). 

Obtained  by  Babes  (1S.S9)  fmm  the  spleen  aud  gangrenous  portions  of  the 
lung  of  a  man  who  died  of  septicjcniia. 

Sforphohffty  —fyhtjrt  nnls  with  round  ends,  from  0.8  to  1.5  ft  thick  ;  often 
swollen  in  the  middle,  like  a  lenumoraflask  ;  fonns  short,  flexible  filaments 
which  also  i)resent  similar  swellings. 

Stains  with  the  usual  aniline  colors  and  also  by  Gi-am's  method. 

Biological  CJiaracfers. — An  aerobic  and  facultative  anaerobic,  non- 
liquefying,  motile  bacillus.  Not  ob-served  to  ft)rm  spores.  Grows  iu  the 
usual  culture  media  at  the  room  temperature.  In  gelatin  platen  forms  hemi- 
>berical,   elevated,    whitish,   translucent  colonics,    which  later  send  out 
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coarse  branches  whicli  ramify  over  tlie  surface  of  tlio  gelatin.  A  similar 
growth  is  observed  u]x»n  the  surface  of  gelatin  stick  cultures,  and  an  abun- 
dant development  takes  place  along  the  line  of  puncture.  Upon  nutrient 
agar  a  thick,  opuque,  8li<jhtly  yellowisli  layer  i«  fonued.  \Jpoa  potato  & 
moist,  sbiuiug-,  browuish  layer  is  developtHl,  and  the  potato  acquires  a 
br-ownish  color.  Upon  bloocl  aerntn  the  growth  is  less  abundant  than  on 
agar;  the  blood  serum  is  not  liquetied.  This  bacillus  grows  rapidly  at  the 
room  temperature ;  it  is  desti-oyed  by  a  temperature  of  bO'  C,  and  presum- 
ably does  not  form  spoi-es. 

Pathogenesis. — Recent  cultures  are  very  •pathogenic  for  mice  and  for 
rabbits,  less  so  for  guinea  pigs.  The  subcutaneous  injection  of  a  small 
quantily  of  a  pur»i  culture  kills  susceptible  animals  in  two  or  three  days. 
More  or  less  a-dfrna  is  found  at  the  point  of  inoculation.  Injections  into  the 
rectum  of  rabbits  rave  rise  to  liiemorrhagic  enteritis,  peritonitis,  and  death 
at  the  end  of  four  days, 

103.    BACILLUS  A   OF   BOOKER. 

Obtained  by  Booker  (1889)  from  the  alvine  dischargees  of  children  suffer- 
ing fixim  cholera  infantum, 

Mi>ri)bologij. — Bacilli  wilh  round  etuis,  -varying  greatly  in  length,  usuallr 
three  to  four  M  long  and  0  7  /t  bnxid  (in  recent  agar  cultures).  lu  older  cul- 
tures the  bacilli  are  shorter  and  saialler. 

Biological  Characters. — An  aerobic  and  facultative  anaSrobic,  Uqtie- 
filing,  motile,  bacillus.  Grows  at  the  room  leraperatui-e  in  the  usual  culture 
media.  In  gelatin  plates  ctdonies  are  visible  at  the  end  of  twenty-four 
hours;  under  the  niinroscope  these  are  nearly  colorless,  and  liquefjietion 
Boon  occui-s  around  them.  In  gelatin  stick  cultures  complete  liquefaction 
occurs  in  three  or  four  days.  Upon  agar  a  colorless  layer  covering  the  eulire 
surface  i*  developed  in  tliroe  or  four  days,  and  an  abundant  development 
occurs  along  the  line  of  puncture.  Agar  colonies  have  a  bluish  look,  and 
are  surn>unded  by  an  indistinct  luilo  whicli  shades  off  gradually  into  the 
Burroundin^  agar  ;  under  a  low  ixiwerthe  colonies  are  light-brown  and  the 
borders  indistinct ;  tho  surface  has  a  detieiito,  wavy  apiiearance.  Ui)on  po- 
tato  the  growth  is  luxuriant  and  of  a  dn-ty-brown  color.  Blood  serum  is 
liquclled  by  this  bacillus. 

Milk  is  coagulated  into  a  celatinous  mass  having  an  alkaline  reaction ; 
later  Ihe  coagulum  is  dissolved. 

Pathogenesis. — Mice  and  guinea-pigs  fed  with  cultures  in  milk  die  in  from 
one  to  eight  days. 

104.    BACILLUS   ENBOCARDITIDIS  GRI8EU8. 

Obtained  by  Weichselbaum  (1888)  from  the  affected  valves  in  a  case  of 
endocarditis  recurrens  ulce»-osa. 

Morphology. — Short  rods  with  rounded  or  somewhat  pointed  ends,  about 
two  to  three  times  as  long^  as  bi-oad — of  about  the  same  dimensions  as  the 
bacillus  of  typhoid  fever. 

Stains  witli  the  usual  aniline  colors  and  also  by  Gram's  method;  the 
longer  rods  from  old  cultures  are  irregularlystained. 

Biological  Characters. — An  aerobic,  non  liquefying,  motile  bacillus. 
Refractive  Ijodiosmay  bo  seen  in  some  of  the  rods,  which  resemble  spores  and 
are  stained  by  the  nielhod  of  Ernst,  but  they  do  not  show  the  resistance  of 
knowj»  spoi*es  to  physical  and  chemical  agent>s.  Grows  well  in  the  usual 
culture  media  at  tne  room  l<.»rnperatur«.  Upon  gelatin  plates  colonies  are 
formed  which  resemble  those  of  Friedliinder's  bacillus,  but  which  gradually 
acquire  a  gray  or  grayish-white  color.  The  prominent,  con  ve.x.  superficial 
colonies  uuder  a  low  power  are  finely  gnuiular  and  grayish  brown  ni  color; 
the  deep  colonies  are  yellowish-brown  in  color,  have  slightly  notched  mar- 
gins, and  the  surface  is  covered  with  minute  projections.     In  stick  culturw 


a  rather  thin,  circular  layer  forma  aliout  the  point  of  puncture ;  this  has  the 
apjwarance  of  stearin  ;  later  it  becomes  prayish-white  and  the  margins  are 
niarited  by  radiatiiifj  Hues.  Upon  the  surface  of  nutrient  agar  a  sirmltir 
growth  occurs  which  has  a  pale-brown  or  redd  is  li- gray  color.  Upon  potato 
in  the  incubating  oven  an  abundant  development  occurs,  forming  a  dry- 
looking  layer  of  a  gniyish-brown  color  and  having  irregularly  notched  mar- 
gins. Upon  biood  senoa  au  abundant,  grayish-wuite  growth  of  cream-like 
consisteuce  forms  along  the  impfstrich ;  later  this  has  a  reddish  gray  color. 
Tliis  biiciilus  grows  to  the  bottom  of  the  line  of  puncture  in  stick  cultures, 
aud  is  no  doubt  a  facultative  anaerobic. 

Patfu}genesi8. — Pathogenic  for  wliite  mice  and  for  guinea-pigs. 

105.    BACILLUS   EJTDOCARDITIDIS  CAPSULA.TUS. 

Obtained  by  WeicliKelbauni  (1888)  from  thrombi  and  embolic  infarctions 
in  the  8pk«n  and  liidiieyji  of  a  man  who  died  from  oudocarditia  with  forma- 
tion of  tbi-ombi. 

Morphology. — Resembles  Friedliiuder's  bacillus,  and  is  frequently  sur- 
rounded by  a  capsule,  wiiich  may  be  stained;  also  forms  long,  curved  fihi- 
ments.  in  the  protoplasm  of  which  vacuoles  may  bo  observed  in  stained  pre- 
tions. 

Staitia  with  the  usual  aniline  colors,  but  not  by  Gram  s  method;  by 
staining  with  fuchsin  and  carefully  decolorizing  with  diluted  alcohol  the 
presence  of  a  capsule  may  be  demonstrated. 

Biological  Ckaracter.t.— An  aerul/ic,  nou-liqnefi/ing  hacillus.  Grows  in 
the  usual  culture  media  at  the  room  temperature. 

In  gelatin  stick  cultures  development  occurs  along'  the  line  of  puncture, 
and  on  the  surface  as  a  rather  thin,  white,  dry  layer  w-liich  resembles  stearin. 
In  agar  plates  the  superficial  colonies  are  thin,  about  two  millimetres  in 
diameter  and  gray  in  color  ;  under  a  low  power  the  margins  are  trans- 
parent and  colorlejis,  and  the  centre  re-Kembles  the  deep  colonies;  tlieae  are 
very  email  aud  grayish-white  in  color  ;  under  a  low  power  the  surface  ia 
seen  to  be  covered  with  tooth-like,  projecting  masses,  the  margin  is  dentate 
and  has  a  pale-yellow  color,  white  the  centre  is  j-ellowish-brtiwu. 

Pathogenesis. — Rabbits  ai'e  killed  by  the  injection  of  a  considerable  quan- 
tity of  a  pure  culture  into  the  cavity  of  the  abdomen  or  subcutaneously. 
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IOC.   BACILLUS  OF  LE8AGE. 


Obtained  by  Lesago  (1SS7)  from  the  green-colored  discharges  of  infants 
suffering  from  "  green  diarrhoea,"  luid  supposed  to  be  the  cause  of  this  com- 
plaint (0.  According  t<>  Baumgar ten,  this  bacillus  is  probably  identical 
with  a  well-known  pigment-producing  saprophyte— the  Bacillus  lluorescena 
non-liquefaciens. 

Morphohigy. — .Small  bacilli  with  round  ends,  about  2.4  fi  long  and  0.76  to 
Ifi  broad ;  in  old  cultures  may  grow  out  into  long  filaments. 

Stains  with  the  usual  aniline  colors,  but  not  by  Gram's  method. 

Biolouicai  Chamcfers. — An  aeroinc,  non-liquefying  (alight  liquefaction 
in  old  cultures),  motile  bacillus.  Forms  spores.  Grows  slowly  at  the  room 
temperature  in  the  usual  culture  media,  more  rapidly  at  25"  toS.'i''  C  Upon 
gelatin  plates  superficial  colonies  are  form etl  which  have  irregularly  denUite, 
leaf-like  margins  and  a  smooth  surface;  they  produce  a  greenish  color  in  the 
gelatin.  In  gi'latiitstirfc  cultures  a  thin,  smwith,  truusr^irent.  greenish 
layer  forma  upon  the  surface,  and  in  the  course  of  four  or  live  days  the  gela- 
tin has  acquired  througliout  a  bright-green  color.  Upon  potato  a  dark- 
green  layer  is  formed.    The  cultures  have  the  odor  of  old  urine. 

Pathogenenin. — The  injection  of  a  considci-able  quantity  of  a  pure  culture 
into  the  ear  vein  of  a  rabbit  is  siiid  to  have  produced  green  diarrhcea,  and 
the  same  result  w.is  obtained  by  mixing  cultures  with  the  food  of  these  ani- 
mals.    These  results  have  not  yet  been  confirmed  by  other  investigators. 


1 


494 


PATHOGENIC   ALROBIC   BACILLI 


107.    BACILLUS  OF   DEM  ME. 

Obtained  by  Detnme  (1888)  from  the  fluid  contents  of  the  tumors  and 
pustules  of  erjtherna.  nodosum,  and  also  f rum  tli«  blootl  of  the  aifected  tndi- 
vidual. 

Morphology. — Bacilli  with  itimid  ends,  ftom  2.2  to  2.5  /t  long  and  0.5  to 
0.7 M  bread;  usually  ei>llected  in  smaller  or  larger  groups. 

Sfnins  with  Ihw  usual  aniline  colors  and  by  Gram's  method. 

Biological  Cfuiractem. — An  aerobic  (facultative  anaerobic?)  bacillus, 
which  d<x!s  not  groAV  in  nutrient  pelatiu  at  the  room  t*'inj)erature.  Grows 
in  initrient  agar  at  35°  to  37"  C  Forms spoi-e.s.  In  agar  fdattis,  at  35'  to  37" 
C,  smootli,  spherical,  sliiiiing  white  colonies  are  formed  in  from  forty  eigrht 
to  sixty  hours,  which  at  th<j  end  of  six  or  seven  days  luay  have  the  size  of  a 
small  coiu — five  cenLiines;  tlieso  are  marked  by  iine.s  radiating  fit>m  the 
centi'e,  which  are  slightly  elevated  u!x)ve  tlie  surface  <)f  the  colony  and  have 
a  silvery  lustre  by  obliquely  roHectod  light;  the  margins  of  the  colony  are 
frin]:je-like.  and  after  ten  or  twelve  days  conical  offshoots  are  given  olF  from 
this  thready  margin.  In  agar  stick  cultures  gj-owth  occurs  along  the  line 
of  puncture  in  the  form  of  a  thorny  column  which  has  a  [taraffin-like 
lustre. 

Pathogenesis. — According  to  Deumie,  when  injected  subcutaneously  into 
guineapij^s,  or  by  rubbing  pure  cultures  into  the  scarified  skin,  an  eruption 
occui-s  which  rcseinbles  that  of  erythema  nodosum  and  is  followtni  by  a 
gangrenous  comlitiou  of  the  skin.  Rabbits,  dogs,  and  goats  proved  to  be 
refractory. 

108.    BACILLirS   CKDBMATIS   AKROBICUS. 

Sutiont/m. — A  new  bacillus  of  malignant  oedema  (Klein). 

ObUvined  from  pirden  earth  by  inoculation  in  guineji-pigs. 

Morphologt^. — Bacilli  from  "».8  to  2.4  ft  ia  length  and  (1.7  «  thick;  grow 
out  inlu  Itmy  hlanienls. 

Stain.H  with  the  usual  aniline  colors,  btit  not  by  Gram's  methixl. 

Biulogii'ittChainrtfrs. — An  aSir>!}ic  nni\  faeitJ(atii>e  anaerobic,  non-liqu«- 
fying,  motile  biM.-itln«.  D<ies  not  foiin  8|Km».s.  (Jrows  at  the  nwm  lemi>er!i- 
lui-e  in  the  usual  culluif  motlia.  U|nin  gctntin  jtluti^s,  at  the  end  of  twenty- 
four  lumrs,  small,  gmy.  jtunctiform  c.ol<Miie.s  an*  develoj)ed;  at  the  end  of 
forty -eij^ht  houre  the  sui)erlicial  colonies  an*  sw^n  as  Hat,  gniyi.sh,  transpaivnt 
platpu'-j,  tlie  margins  of  which  are  thin  and  trrfgulurly  notched;  these  attain 
a  diameter  of  several  milliineti-es  in  the  course  of  a  few  da^vs.  The  deen  colo- 
nies do  not  exceed  the  diamet*r  of  a  pin's  head;  they  remain  .spheri«ii,  and 
by  Imnsmittetl  light  have  a  brownish  color.  In  gelatin  stick  cultures  a 
white  hue  of  giijwth  is  develoiMsd  along  the  track  of  the  inoculating  notnlle, 
and  at  the  bottom  of  tliis  isiilatod,  punctiforra  colonies  are  seen;  upcm  the 
surface  a  fiat,  thin,  transtiarent,  gi-ajish  layer  with  a  dentate  margin  is 
develojwd.  Uixin  the  SHrjracc  o/ a^ir  a  smejtrv,  gra.vish-white  striix<  is  de- 
veluiM-d  along  the  impf.strich.  Alkaline  toM*7/«iJ,  at  the  end  of  twentv-four 
hoiio  at  ;J7  0.,  is  densely  clouded,  and  later  contains  numerous  tlocculi,  but 
no  pellicle  uj>ou  the  surface;  at  the  eml  of  twenty-four  hours  the  ivjictioii 
btvomes  stix>nglv  alkaline.  Upon  jiota to  a  viscid,  yellowish  8lJ'ii)e  is  devol- 
njwd  along  the  line  of  inoculation.  In  deep  cultures  in  nutrient  gehitin  gna 
bubbles  ai-e  develo[>ed  in  from  twenty-four  to  forty-eight  hours;  these  lire 
atUiche<l  to  the  isolateil  colonies. 

Pafhoijeiiic  for  guinea-pigs,  rid>bit3,  and  white  mice.  The  animals  die 
within  twenty  four  hours — when  very  small  quantities  are  injecietl  suIk;u- 
taneously  into  guinea-pigs  they  may  live  for  two  or  threedays  and  .sometimes 
recover.  The  lethal  do.se  of  a  bouillon  culture  is  from  one-fourth  to  one- 
half  cubic  centimetre,  but  one  drop  of  tlie  oedematous  fluid  fr<>m  the  &ubcii- 
taneouB  connective  tissue  of  an  im>culated  luiimal  is  infalUbly  fatal.  In 
^inea-pigs  an  extensive  inllammalory  tedema  is  pnMluced  by  subcuUuieoiw 
inoculations ;  the  spleen  is  but  slightly  enlarged.     In  i-abbits  but  slight  oedema 
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an<l  a  small  spleen.  In  ratce  no  cedema  and  a  sliehtly  enlarged  spleen.  The 
bacilli  are  found  in  the  blow!  of  the  heart  in  .sraEul  numbers,  ana  are  some- 
what more  numerous  in  the  spleen,  especially  in  mice. 

109.    BACILLUS   OF   LETZERICH. 

Obtained  by  Letzerich  (1887)  from  the  urine  of  children  sutfering  from 
"  nephritiii  interstitialis  primaria."  Etiological  relation  not  satisfactorily 
demonstrated. 

Morphology. — Bacilli  with  round  ends,  straight  or  slig'htly  curved,  often 
formiu"-  filaments. 

Stains  with  the  usual  aniline  colors. 

Biological  Characters.— \n  aer<Mc,  liqupf}iing  ho/c'xWas.  Forms  spores. 
Grows  rapidly  in  nutrient  gelatin  at  a  comparativelr  Im*'  temjieratiire — best 
at  14'  C.  Upon  gelatin  plates,  at  14^  C.  complete  liquRfaction  has  occurred 
in  from  thirty-six  to  forty-eight  houi-s,  and  a,  thin,  wliite  fihn  covers  the 
surface  of  the  liquelied  gelatin  ;  the  Siniie  in  gelatin  stick  cultures. 

Pathogenenin. — RabbtU  injeetc*]  in  the  cavity  of  the  abdomen  are  said  to 
die  in  about  fourteen  days.  The  autopsy  shows  an  extensive-  abscess,  en- 
largement and  congestion  of  the  IcEdneys,  enlarged  spleen,  etc.  The  bacilli 
are  found  in  great  numbers  in  all  of  the  organs. 

110.    BACILLUS   OF  SCHIMMELBUSCH. 

Obtained  by  Schimmelbusch  (1881))  from  the  necrotic  tissues  at  the  boun- 
dary line  of  the  stii!  living  tissues  in  cancrum  oris,  or  noma.  Etiological 
relation  not  proved. 

Morphology. — Small  bacilli  with  r-ound  ends;  often  united  in  pairs; 
may  grow  out  into  long  filaments. 

Staiiis  best  with  an  aqueous  solution  of  gentian  violet;  does  not  stain  by 
Gram's  nietlKKl. 

Bioloairal  CharucterH. — An  af'rohic,  non-liqufifuing  b.ioilIus.  Gi*ows  in 
the  usuitlcuUure  media  at  the  itmrii  tt-mpenituro— hetier  in  the  inctibiittn^ 
oven  at  31)  to  37' C.  Upon  (jelatin  plaleji  forms  behjw  the  .surface  spheri- 
cal, finely  granular,  gi-ayisli-wliite  cmoiiies,  wliich  come  to  tbie  sin-face  and 
form  elevated  m;is.ses  with  slightly  dentate  niaru^ins  and  an  in-egiilarly  cleft 
surface.  In  gclnlix  stick  cultures  the  growth  along  tlic  Hue  of  inoculation 
is  coarsely  granular;  ujion  the  surface  a  broad,  Hat  layer.  Upon  the  sur- 
face of  o{/«r,  in  twenty-four  hours  at  37°  C,  a  g^yish-while  layer  along  the 
line  of  inoculation,  which  is  smotJth  and  about  tliree  tnilliuieliiis  in  bi-eadlh. 
Upon  j3o/a/f»,  at  the  end  of  two  weeks,  a  broad,  moist,  ^^n-ayi.sh-whilo  layer 
from  two  t(^  three  millimetres  wide.  Upon  coa^ulatwl  astMtic  fluid,  at  the 
end  of  twenty-four  hours,  a  thin  layer  along  the  iuipfsLrich,  fi-ora  which 
lateral  ofTshoots  are  given  t)lF. 

Patho{ictteJsi«. — Cultures  injected  subcutaneously  into  rabbits  produced 
local  absce:«scs  only;  not  pathogenic  for  mice  or  pigeons. 

111.   BACILLUS  fij:tidus  OZMUJE.. 

Obtained  by  H.T.jek  (18.S8)i  from  tlie  nasal  secretions  of  patients  with  ozae- 
na,     Etiologicijl  relation  not  proved. 

Morphologij. — Short  bacilh,  but  little  longertliau  broad;  usually  in  pairs, 
or  in  chains  of^  six  to  ten  eletn*'iits. 

Stains  with  Loffler's  solution  of  methylene  blue  or  solutions  of  aniline 
colors  in  aniline  water — not  so  well  ia  aqueous  solutions;  does  not  stain  by 
Gram's  method. 

Bioloqical  Characters. — An  aerobic  and  facidtattve  anaemibic,  liquefy- 
ing, tnotile  b.icillus.  Spore  forraafiou  not  observed.  Grows  in  the  usual 
culture  media  at  the  nxjui  temperature.  Upon  gelatin  plates  th&  colonies, 
at  the  end  of  thirty-six  hours,  ava  scarcely  visible,  with  well-defiued  but 
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Bomewhat  irregular  outlines;  later  liquefaction  commences  and  crater-like 

depressions  in  the  gelatin  are  formed,  in  wliich  a  gas  bubble  is  seen;  com- 
plete liqui-faction  occurs  in  the  course  of  a  few  days.  In  gelatin  stick  cul- 
ture's liquefaction  occurs  all  along  the  line  of  inoculation,  and  is  complete 
at  the  end  of  fi'om  eig'ht  to  fourltfu  days.  Upon  agar  plates  the  colonies 
are  granular  in  the  centre,  and  the  inarg-ins,  under  a  li>w  power,  are  seen  to 
befringed.  Upon  the  surface  of  a^^r^  m<iist,  slimy  layer  is  formed  aloii^ 
tlie  impfstrich.  Upon  jKitafo,  at  the  end  of  twenty  four  hours,  a  yellowish- 
brown  layer  is  formed.  Upon  blcKMl  serum  development  is  rapid  in  the  form 
of  a  whitish  layer,  wliich  extends  over  the  whole  surface.  The  cultures, 
and  e.sjjecially  tluise  kept  in  thei  iiii-tibaling  oven,  give  oft  a  diaa^reeable 
putrefactive  odor,  which  is  most  intense  in  the  blood-serum  cultures. 

Pathogenesis. — Pathogeuic  for  mice.  Wlien  injected  subcutaneously 
into  rabbits  it  gives  ri&e  to  intense  local  inflanituation  and  progressive  gan- 
grene of  the  connective  tiasue. 

112.  BACILLUS  or  LUHNITZER. 

Obtained  by  Lumnitier  (1888)  from  the  bronchial  secretions  of  persons 
suffering  from  "putrid  bronchitis."     Etiological  relation  not  demonstrated. 

Morphology. — Bacilli  with  ronnd  ends,  fi'om  1.5  to  2^  long,  somewhat 
curved. 

Stains  with  the  usual  aniline  colors. 

Biological  Characters. — An  aerubic,  motile  bacillus.  Does  not  grow  in 
nutrient  gelatin  at  the  room  lenii>erature.  Grows  slowly  upon  agar  and 
more  rapidly  upon  blood  serum  at  jfi  to  S8'  C.  Forms  siwres.  Upon  agar 
plates,  at  37  C,  small,  grayish-white  colonies  are  formed  in  two  or  three 
days;  upon  the  surface  these  form  hemispherical  masses  which  slowly  in- 
crease in  size.  At  the  end  of  six  or  seven  days  the  cullui-es  give  off  a  dis- 
agreeable odor,  quite  like  that  given  olf  by  the  sputum  of  the  cases  of  putrid 
bn>nchitis  frt>m  which  the  bacillus  was  obtained.  Upon  the  surface  of 
bloofl  serimi  the  growth  is  rapid  and  forms  grayish- white,  shining  colonies, 
of  about  one  millimetre  in  diameter,  which  become  confluent  at  the  end  of 
about  four  days,  and  cover  the  entire  surface  in  eight  or  nine  days. 

Pathogenesis. — t'auwis  a  purulent  inflammation  when  injected  into  the 
lungs  of  rabbits,  which  involves  the  bmnchial  tubes,  the  blood  vessels,  and 
the  pulmonary  alveoli ;  when  injected  subcutaneously  produces  inflanama- 
tiou  and  necrosis  of  the  tissues. 

113.  BACILLUS  OF  T0MMA80LI. 

Obtained  by  Toinma-soli  (1889)  from  t!ie  hairs  of  the  bead  of  A  patient  9nf 
ferinji  from  a  form  of  sycosis  supposed  to  be  due  to  the  presence  of  this 
pariLsite  (0. 

Morphologi/. — Short,  straight  bacilli,  with  i-ound  ends,  from  1  to  1.8  ft 
lon^  and  from  0.25  to  0.3 /<  broad  ;  often  united  in  chains  containing  four 
to  six  elements. 

Stains  with  the  usual  aniline  colors. 

Biological  Characters. — An  aerobic,  non  liquefying,  non-motile  bacil- 
lus. Does  not  form  spores.  Grows  slowly  at  the  room  tenifierature  in  tlie 
usual  culture  media.  Upon  gelatin  plates,  at  tlie  end  of  four  days,  tlic  deep 
colonies  are  seen  as  small,  white  points,  the  superticial  colonies  as  smooth 
discs  of  a  grayish  coJor.  At  the  end  of  a  month  the  deep  colonies  may  beas 
large  as  a  mustard  seed;  the  superficial  are  thin,  shining,  and  slimy,  and 
have  a  diameter  of  one  to  two  millimetres.  In  gelatin  stick  cultures  a  con- 
vex, shining,  white  mass  is  develojKid  at  the  point  of  inoculation,  and  along 
the  line  of  puncture  in  the  course  of  Ave  or  six  days  a  white  line  of  growth 
is  seen  which  consists  of  closely  crowded,  small  colonies.  Upon  aaar  the 
development  is  very  slow,  and  forms  at  first  thin,  slimy,  grayisu-white 
patches  which  are  distributed  along  the  impfstrich;  later  these  become  con- 
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fluent  and  form  shining,  wavv  stripes.  Upon  potato  the  development  ia 
more  rapid  and  forms  elevatecl,  sharply  dehned  colonies,  of  granular  ap- 
pearance iind  of  a  chamois-yellowish- white  color;  later  these  become  conflu- 
ent; the  potato  acquires  a  dark-gray  color  and  the  culture  gives  off  an  in- 
tensely disag^reeable  o<ior. 

Patluyenefds. — Pure  eulLures  rubbed  into  the  skin  of  man  produce,  at 
the  end  of  twenty-four  hours,  intense  itching,  redness,  and  a  vesicular  erup- 
tion about  the  hairs;  at  the  end  of  three  days  small  pustules  are  formed, 
from  which  pure  cultures  may  be  reot>vered  (Tommasoli),  Subcutaneous  in- 
jection into  a  rabbit  produced,  no  other  result  than  the  formation  of  a  small 
abscess. 

114,   BACILLUS  OF  SCHOU. 

Obtained  by  Schou  (18S5)  in  rabbits  sufFering^  from  vagus  pneumonia 
resulting  fi-om  section  of  the  v»gi;  found  also  in  the  buccal  secretions  of  a 
healthy  rabbit — one  out  of  twenty -five  examined. 

Morphohn/y. — Described  as  elliptical  cocci,  or  diplococci,  or  as  short, 
thick  bacilli. 

Stains  with  the  aniline  colors  usually  employed,  but  not  by  Gram's 
method. 

Biological  Cbnmcters.^A.n  aerobic,  liquefyintj,  motile  bacillus.  Grows 
in  the  usual  culture  media  at  the  room  teiujicrature.  In  gelatin  plate* 
forms  spherical,  opaque,  granular  colonies  having  a  slightly  i"ough  surface. 
At  the  end  of  twenty-four  houi-s.  under  the  microscope,  active  movements 
are  observed  in  these  colonies,  which  are  surrounded  by  a  zone  of  diverging 
rays.  In  gelatin  stick  cultura<5  liq^uefaction  quickly  occurs,  and  a  copious 
white  dep*>sit,  consiaiiug  of  bacilli,  is  seen  at  tlie  bottom  of  the  tube. 

Pathogeiiesiji.—Piniii  cultures  injected  into  the  trachea,  tlie  pleural 
cavity,  or  the  lungs  are  said  to  have  produced  fatal  pneumonia  in  rabbits;  a 
similar  result  was  obtained  from  inhalation  experiments. 

I  115.    BACILLUS   NECROPHORU3, 

Obtained  by  Liifller  (188i)  from  rabbits  which  had  been  inoculated  in  the 
anterior  chamber  of  the  eye  with  small  frafirments  of  a  broad  condyloma. 

jl/ori>/(«y/of///.— Bacilli  of  various  lengths,  often  forming  long,  slender, 
wavy  tllaments. 

Biottiffical  Cliararters. — Does  not  grow  in  the  ordinary  culture  media, 
but  may  be  cultivaloil  in  neutral  rabbit  bouillon;  a  less  favorable  medium  is 
blood  strum  from  liie  horse.  Whoii  small  fragments  of  the  organs  of  an 
infected  animal  are  placed  in  rabl)it  Imuillon  the-i'  become  enveloped,  in  the 
course  of  three  or  four  days,  in  a  cotton-like  mass  of  filaments ;  later  white 
flocculi  are  di.slributed  tlux>ugh  the  medium,  which  consist  of  similar  fila- 
ments loosely  interlaced.  The  fllameuts  may  present  swellings  hei"e  and 
theiv.  which  uro  suppo.sed  to  reprftsent  involution  forms. 

PathogeueMrn. — Rjibbit.s  inoculated  in  the  ear  or  in  theanterior  chamber 
of  the  eye  w^itii  the  Hocculi  fniin  a  twuillon  culture,  or  with  a  small  frag- 
ment of  one  of  the  organs  of  an  infected  animal,  usually  die  at  tlie  end  of 
eight  davs.  At  the  nutopy  a  necrotic,  cheesy  proces.s  is  found  at  the  point 
of  inoculation,  and  purulent  foci,  surrounded  by  iullaniod  or  necrotic  areas, 
in  the  lungs;  als(j  purulent  collectings  in  the  m.yocurdium;  these  were  the 
principal  jjalhological  changes,  but,  sometimes  notlules  were  found  in  the 
abd*miinal  visc*;rsi.  The  slender  bacilli  described  were  found  in  all  of  these 
locaiizwl  ceiilivsof  iufeclion.  Pathogenic  also  for  white  mice,  which  usually 
died  ill  six  days  after  being  inoculated  subcutaueously. 

116.    BACILLUS  COPKOGENES  FCETIDU8. 

Synonym. — Darmbacillus  of  Schottelius. 

Obtained  by  Schottelius  (1S85)  fnim  the  intestinal  contents  of  pigs  which 
had  died  of  Schwtjiuei'otlilauf  (rouget). 
35 
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Morphology.  —Resembles  Bacillus  sobtilis,  but  is  shorter,  with  rounded 
ends. 

Biological  Characters.— ii.n  airobic,  non-liqiiefying,  non-motiWbmciWvm. 
Forms  spores  in  presence  of  oxygen  in  the  course  of  tLree  or  four  days  at 
the  room  temperature;  these  are  oval  in  form  and  are  arranged  in  rows; 
when  they  germinate  this  occurs  in  a  direction  perpendicular  to  their  long 
axis  and  to  that  of  the  filament  in  which  they  developed  :  as  a  result  of 
this  the  ne*-ly  formed  rods  lie  parallel  to  each  other.  In  gelatin  stick  cul- 
tures the  growth  upon  the  surface  consists  of  a  thin,  transparent,  grayish 
layer;  alone  the  line  of  puncture  crowded,  pale-yellow  colonies  are  de- 
veloped. Tne  cultures  Bfive  off  an  intense  putrefactive  odor.  Uponpofofo 
a  dry,  grayish  layer  is  formed,  which  may  be  about  0.5  millimetre  in  thick- 
ness. 

Pathogenesis. — Not  pathogenic  for  mice  or  for  rabbits  when  injected  in 
small  amounts,  but  in  considerable  quantities  causes  fatal  toxaemia  in  rabbits. 

117.   BACILLUS  OXYTOCUS  PERNICIOSUS. 

Obtained  by  Wyssokowitsch  from  milk  which  had  been  standing  for  a 
long  time. 

Morpholofft/. — Short  bacilli  with  rounded  ends,  somewhat  thicker  and 
shorter  than  ttie  lactic  acid  bacillus, 

Biolitgirxd  Characters. — An  aerobic^  nonliquefying  bacillus.  In  gela- 
tin plates  the  deep  colonies  are  small,  spherical,  nuelv  granular,  and  of  a 
yellowish  or  brownish-yellow  color.  The  superficial  colonies  are  hemi- 
sphcrical  masses  of  a  grayish-white  color— by  transmitted  light,  light-brown. 
They  mav  have  a  diameter  of  one  and  one-half  millimetres. 

in  giilatin  stick  cultures  the  growth  is  at  first  "nail-like"  ;  later  it  ex- 
tends over  the  entire  surface  of  the  gelatin.  It  causes  coagulation  of  milk, 
with  a  sour  reaction,  within  twenty-four  houra.  The  cultures  are  without 
odor. 

Pathoaene.9iii.—3vrmU  doses  are  not  pathogenic  for  mice  or  for  rabbits,  but 
considerable  quantities  injected  into  the  circulation  of  rabbits  cause  their 
death  in  from  three  to  twenty-two  hours.  Soon  after  the  injection  an  abun- 
dant diarrltoea  is  developed.  At  the  autopsy  a  haemorrhagic  inflammation 
of  the  intestinal  mucous  membrane  is  the  principal  pathological  appearance 
observed. 

118.   BACILLUS  8APROOENES  IL 

Obtained  by  Rosenlmch  fl884)  from  the  perspiration  of  foul-smelling  f< 

Moi-nholonif.—Hhnrt  l«u'illi  with  rounded  ofuls. 

BiottHficm  Clutracfer.'i.  —Aerobic  and  facultative  anairobic.  Characters 
of  growth  in  gelatin,  niottlity,  etc.,  not  given. 

Streak  cultures  uixm  the*  surface  of  nutrient  agar,  at  the  end  of  twenty- 
four  hours,  cause  the  entire  surface  to  be  covere.l  with  minute,  transimrent 
colonies,  which  later  bci'orne  confluent  and  gniduully  somewhat  oi>aque, 
forminjf  a  viscid,  whitish  gray  layer.  Thf  t»dor  of  cultures  resembles  Uiat  of 
perspiring  feet.  Causes  putrefaction  of  albuminous  substances  in  tlie  pre- 
sence of  oxygen,  with  evolution  of  stinking  gases.  In  the  absence  of  oxygen 
putrefactive  changes  also  occurred,  but  leas  rapidly. 

Pathogenesis. — When  injected  in  consideriible  quantity  into  the  knee 
joint  or  intf>  the  pleural  cavity  of  rabbits,  the  animals  succumb  in  from  three 
to  live  days. 

119.    BACILLUS   OF  AFANASSIEW. 

Obtained  by  Afanaasiew  (18-97)  from  mucus  and  ma-sses  of  pus  coughed 
up  by  jmti<^>nti8  sulferiug  from  whooping  cough.  Etiological  relation  not 
demoii8tnil«»d. 

Morphology. — Bacilli  from  0,6  to  2.2  ft  long;  solitary,  in  pairs,  or  in 
short  chains. 
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Stains  with  the  usual  aniline  colors. 

Biolnyical  Chttrorfcrs. — An  airuht'c.  non-h'quefrjinq,  motile  l)acillus. 
Forms  spows.  GitnvH  at  the  riMmi  teiniM>ruture  in  the  usual  culture  media. 
Upon  gelatin  phitm  the  colonies  are  spueriad  or  oval  and  of  a  light-brown 
color;  under  a  low  power  they  are  seer*  to  be  finely  gnmular,  and  later  Imve 
a  dark-brown  color.  UjKm  the  surface  of  jfelatin  stick  culture.>»  a  grayish- 
■white  layer  is  formed;  but  slitfht  development  cx'curs  along  the  line  of  punc- 
ture. Cpon  the  surface  of  agar  a  thick,  tpray  layer  form.s  along  the  line  of 
inoculation.  Upon  potato  yelhiwish,  glistening,  dew-like  drnps  are  first 
formed  alonp  tne  line  of  inoculation,  and  later  a  rather  thick,  brownish 
layer  is  formed  which  extends  rapidly  over  tiie  surface.  Development  is 
tnodt  rapid  in  the  incubating-  oven. 

Pathogenesis. — Accordinfj  to  Afanaasiew,  pure  cultures  injected  into  the 
sir  pa«sa^es  or  pulmonary  i)areuchyina.  \n  yountf  do|^  or  in  rabbits,  i>r<^luce 
brfinchial  catarrh,  lironeho-pneuniouia,  and  atttwks  of  -spiisnirHl ic  qoughiup: 
re.sembling'  those  of  whoopina-  coug-b.  Dfuth  sometimes  occurs.  At  the 
autoi)Ry  the  bacillus  L<j  found  in  gi*eat  numbers  in  the  bronchial  and  nasal 
mucus. 

120.    PNEUMOBACILLU3  LIQUEFACIEN8  B0VI8. 

Obtained  by  Arloirg  from  the  lung  of  an  ox  which  succumbed  to 
infectious  pleuro- pneumonia. 

MorpholfMjf/. — Slender,  Hhort  bacilli,  which  rather  resemble  mi- 
crococci when  cultivated  in  gelatin. 

Stains  with  the  usual  aniline  colors. 

Biological  Characters. — An  aerobic  and  facultative  anaerobic, 
liquefying,  non-mofile  bacilhis.  Spore  formation  not  observed;  is 
killed  by  exposure  fur  fifteen  to  twenty  minutes  to  a  temperature  of 
65°  C.  Grows  in  the  usual  culture  media  at  the  room  temperature 
—better  at  So"  C.  Forms  white  colonies  in  gelatin  plates,  and 
causes  rapid  liquefaction  of  the  gelatin.  Uix)n  potato  grows  very 
rapidly  as  a  white  layer,  which  later  hjia  a  brownish  color. 

Pathogenesis. — From  one-half  to  one  cubic  centimetre  of  a  pure 
culture  injected  beneath  the  skin  of  an  ox,  where  the  connective  tis- 
sue is  loose,  causes  the  development  of  an  acute  abscess  the  size  of  a 
man's  band ;  aft-er  extending  for  two  or  three  days  this  gradually 
becomes  smaller  and  recovery  occurs.  When  larger  quantities  are 
injected  a  fatal  termination  may  result.  Guinea-pigs  and  rabbits 
are  leM  susceptible,  and  doga  are  said  to  Ije  immune. 

The  researches  of  Arloing  seeera  to  have  established  the  etiologi- 
cal relation  of  this  bacillus  to  infectious  pleuro-pnenmonia  of  cattle. 
Arloing  has  shown  (1894)  that  inoculations  in  cattle  of  pure  cultures 
of  tlie  bacillus  are  followed  by  immunity  quite  as  pronouncetl  as  that 
resulting  fronj  inoculations  with  serum  from  the  hmgs  of  diseased 
animals — method  of  Willems;  also  that  infected  animals  are  more 
sensible  to  the  action  of  the  toxic  substances  in  filtered  cultures  than 
healthy  animals — corresponding  with  results  obtained  by  use  of  tu- 
berculin and  malleTn. 

Arloing  has  obtained  two  varieties  of  his  bacillus  from  the  lungs 
of  cattle,  one  an  attenuated  variety  which  dues  not  liquefy  gelatin. 
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He  has  also  found  that  the  liquefying  variety  when  cultivated  in 
bouillon  through  a  serit5fl  of  generations  loses  its  liquef^nng  power  to 
a  considerable  extent.  In  the  liquefying  cultures  the  bacilli  are  often 
elongated  and  articulated ;  in  the  non-liquefying  the  short,  thick  forms, 
with  rounded  ends,  are  most  numerous.  When  injected  in  equal 
quantity  (two  cubic  centimetres)  under  the  skin  of  an  oi  the  results 
are  similar  but  differ  in  degree — the  liquefying  bacillus  producing  a 
more  extensive  local  lesion.  Injected  into  the  lung  the  results  are 
similar:  the  liquefying  bacillus  causes  pneumonic  nodules  as  large 
as  an  apple  and  an  extensive  pleurisy  with  thick  fibrinous  exudation 
infiltrated  with  a  yellow  serum;  the  non-liquefying  bacillus  causes 
the  development  of  nodules  the  size  of  an  almond  or  of  a  walnut, 
with  a  Umited,  but  characteristic,  pleuritic  inflammation. 

Robcis  (I8'J4),  after  discussing  the  results  of  inocidations  made  in 
the  Department  of  the  Seine  with  pulmonar,v  serum,  arrives  at  the 
conclusion  that  Arloing's  method  of  protective  inoculations  with  cul- 
tures of  the  Pneumobacillus  liquefacietts  bovis  gives  better  results 
than  the  legal  method  with  serum  from  an  infected  animal. 

Arloing  prepares  from  the  cultures  of  his  Imcillus  a  "lymph," 
corresponding  with  tuberculin  and  niallein,  which  he  calls  "  pneumo- 
bacilline."  The  toxic  action  of  this  lymph  corresponds  with  that  of 
cultures  sterilized  by  heat.  The  experiments  of  Guinard  and  Artaud 
(isUfi)  show  tbat  the  toxic  products  of  the  bacillus  of  Arloing  are 
extremely  active,  and  tliat  in  dogs  the  injection  of  twenty  to  fifty 
culiic  centimetres  of  a  sterilized  (by  heat)  culture  gives  rise  almost 
immediately  to  torpor  and  sometimes  to  vomiting  and  defecation; 
after  several  hours  vomiting  and  bloody  diarrhoea  occur,  the  animal 
becomes  more  and  more  feeble,  and  finally,  if  the  dose  has  been  suffi- 
cient, is  completely  paralyzed  and  dies. 

121.   BACILLUS  PSEUD0TUBEKCUL08I8. 

Obt.aine<l  bv  Pfoilfer  (1889)  from  the  organs  of  a  horse  suapected  of  hav- 
ing ^lurid*'t-s  :tiid  killed. 

MorjihoiiKjy. — H;it)it>r  tliifk  iMU'illi  with  muud  ends ;  vary  considerably 
in  leng;th — u.sually  tlin^f  to  tiv(Miiii»*s  as  hnig  as  hnxtd. 

Stai )tH  with  fuchsin  and  LoHler's  solution  of  methylene  blue;  doe*  not 
Hlaiii  Ijy  Gnini's  int^Uiod. 

Bivhtgical  Citantrters.  —  \n  aerobic,  nnn-liquefyhig.  non-motile  bacil- 
lus. Spore  fonuutiiin  not  observed.  Gif>W8  in  the  usual  culture  mt-dia  nt 
tilt!  romn  ti^'inpeniturt'.  Uymu  {/elatin  phites.  at  tlie  end  of  twenty-four 
hours,  tlie  sui>erti(ijtt  (bulimics  uiv  small,  yellowi.sli-br<»wii  plates,  which  in- 
creiuse  rapidly  in  diutueter;  under  a  hiw  power  ii  cciitriil  papilla  is  obHonred. 
anmiul  whi(!l»  the  culony  eixtends  as  a  puk'-yellow,  jM-culiiirly  raarbk^d,  crj's- 
titlhuedisc  ;  the  deep  eoloiiiiis  are  at  first  lrans|>arent,  sharply  defined  spheres; 
on  the  tlunl  day,  under  a  tow  power,  they  are  seen  to  nave  a  dark,  finely 
granular  central  portion  surround«i  by  u  transparent  zone ;  when  not 
crowded  ujxni  the  plate  they  ituiy  appear  as  yellowish-hmwn,  finely  granu- 
lar, pear  shaped  or  leiuori-.sliaped  colonies.  In  nelatiH  stick  cultures  eroviiii 
occurs  along  the  line  of  puncture  in  the  form  of  grayish-white,  sjmerical 
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colouiBS,  morf  or  less  crowded  above,  and  often  isolated  below,  where  by 
transmitted  litflit  tU^y  t^re  sef^n  to  have  a  hmwnish  coloi"  ;  iipoTi  (lie  surface 
a  grayish-white,  ccmcfmtric  layer  is  ff>rmedalK>ut  the  point  of  inix^nliition  in 
the  course  of  live  or  six  days,  which  latti'  f»n-iiis  a  disc-  with  thit.kf ri«il  rniir- 
g'ins.  UjMiii  the  surface  of  agar  Ih*;  (growth  along  the  line  of  iiufculatioii  is 
abundant  and  viscid.  Dihsj  not  trnwv  wi'll  iiiK)ti  pofafo.  Uix>n  bhuxl  neruni, 
foruis  truuspaivnt,  dn>i)-like  cotonie.*  which  nave  an  ojj»]asoc?nt  aitjM'aninoe, 

Pittlujgeni'.iis. — Pathogenic  for  rahbits,  (^'uinea-pi^,  ]uire.s.  white  mice, 
and  house  mice.  Death  imtui-s  in  from  six  to  twenty  days.  At  the  auti>i)sy 
Uie  lymphatic  g-luiids  ai"e  found  to  Ix;  enlarpred  and  to  htkvt'  undergone  case- 
ation ;  Uie  liver  and  spleeu  are  enlart;e<l,  the  luMjfs  cedenmloua  and  wcitsion- 
ally  contain  tubei-culous-lookiuff  iiociules.  An  absc+'ss  forms  at  the  point  of 
inoculatijin.  Bacilli  are  found  in  the  blo«id,  the  lymphatic  glands,  and  tho 
various  organs. 

123.    BACILLUS   OINOIVjK   PYOGENES. 

Si/iumym. — Bacterium  gingivcD  ^jyogenes  (Miller). 

Obl^tiiu'd  by  Miller  from  an  alveolar  absce-ss  and  fr«im  deposit  around  tho 
teeth  "  in  a  filthy  niuuth." 

Morph<ilo{)y. — Short  and  thick  bacilli  with  rounded  ends,  one  to  fear 
times  as  hmg  as  broad ;  occur  siuijly  or  in  pairs. 

Binlttgicni  Chdraclers. — An  aeri}ljic  and  fuculfative  anaSrobic,  liquefy- 
ing bacillus.  Grows  rapidly  in  the  usual  culture  luwlia.  Upon  g^latiu 
Elates  it  forms  spherical  colonies  at  tho  end  of  twenty-four  hours,  whicJi 
ave  a  ^cliowrish  color  and  weil-tlelincd  nmrtfin;  at  tho  end  of  forty-eig-ht 
hours  liquefaction  htus  progre-ssed  si >  far  that  the  colonies  ha've  become  con- 
fluent. In  (fehitio  stick  cultures  liquehictioii  <jccurs  rapidly  iu  the  form  of  a 
funnel,  at  the  botUiiu  of  which  a  whito  deposit  is  formed.  Upon  the  surface 
of  agar  ti  thick,  moist  growth  occurs  along  tho  lino  of  iikoculation,  which 
under  the  microscope  has  a  slightly  greeuish-yellow  tint  and  a  tibrillated 
structure. 

Pathoqenenia. — Pathogtmio  for  rabbits,  guinea-pigs,  and  for  white  mice, 
when  injected  into  the  cavity  of  tho  ahdonuMi  in  eompatittively  small 
am< Hints  (0.25  cubic  centimetre).  At  the  autopsy  p<"sritonitis,  Bometinies 
purulent,  is  observed.  Death  occurs  in  from  ten  to  twenty-four  hours.  Tho 
bacilli  are  found  in  the  hh^id  in  small  numl>ers.  Subcutaneous  injections  iu 
the  animals  mentioned  praduce  a  local  ab.scejss  only. 

123.   BACILLUS  DENTALI3  VlJtIDANS. 

Fouiul  by  Miller  in  the  supiirncial  layers  of  carious  dentine. 

Morpholifgy. — ISlightly  curved  bacilli  with  pjinted  ends;  solitary  or  in 
pairs. 

Biological  Characters. — An  aSraine  and  facultative  anoMrohic,  non- 
liquefyituj  bacillus.  Spore  formatitm  not  observetl.  (jj-rows  in  the  usual 
culture  media  at  the  room  tempeniture.  In  gelaliii  platen  the  colonics  aMi 
spherical,  and  under  a  low  power  are  coiorle.ss  or  have  a  slii^htly  yellow  tint; 
wlien  not  crowded  they  may  |»n\s4'nt  two  or  three  concentric  rings.  In  gela- 
tin stick  culture,i  gmwtli  occur-s  both  ujiivn  the  surface  and  along  the  line  of 
puncture.  Gelatin  cultures  acijuii-p  an  opale-scent-grfM'n  color.  Ujkjii  tins 
surface  of  t/j/ar  a  thin  growth  with  irnrgutar  margins  tKcurs  along  the  impf- 
strich;  this  is  bluisii  by  (ransmittcd  light  and  green i.sh-gray  by  retlected  light 
— colorless  under  the  niic-rosi-ope. 

Patkitfjeuesis.  —  ItijwtitJiis  into  the  cavity  of  the  aJxlomen  of  white  mice 
or  of  guincii-jiigs  usually  cause  fatal  peritoniti-s  in  frtiiu  one  to  six  days:  Iho 
tuicilli  are  >)nly  found  in  the  hltjod  in  small  ^lundK^rs,  by  tiie  culture  method. 
Subcutaneous  inje(;tioiis  in  the  animals  mentioned  pniducc  severe  local  iu- 
flanuuatioit  and  suppm-atiou. 

124.    BACILLUS  PULP.4>:  PYOGENES. 

Obtaiiuxl  by  Jliller  from  gangrenous  tooth  pulp. 
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Morphology. — Slightlj'  curved  Imcilli  with  pointed  ends;  solitary  or  in 
pairs,  or  in  chains  of  four  to  eipht  flciiu-nts. 

Biological  Cbai'octerii. — A.11  aerobic  aud  facultative  atia&rx>bic,  liquefy- 
ing bacillus.  Spore  formation  uol  observed.  Grows  in  the  ui»ual  culture 
nieilia  at  the  niorn  t«mj>envture.  In  gelatin  plates  large,  spherical,  opaque, 
yellowish-bmwn  colonies  are  formed,  In  gelatin  stick  cultures  liquefaction 
occurs  in  the  upper  pai"t  of  the  tube  and  gnulually  extends  downward,  the 
liquelied  gelatin  being  se^wraLed  from  the  uon-Iiquetied  by  a  horizontal 
plunc. 

Pathogenesis. — Small  quantities  of  a  pure  culture  injected  into  the  ulido- 
miiial  cavity  of  white  mice  pnjvetl  fatal  to  tlie^ie  animals  in  from  eighteen  to 
tliirty  hours. 

125,   BACILLUS  SKPTICUa   KERATOMALACI^. 

Obtained  by  Babes  (18^3)  from  the  broken-down  corneal  tissues  and  from 
the  various  organs  of  a  child  which  died  of  septicaemia  following  keratoma- 
lacia. 

Stains  with  the  usual  aniline  colors;  deeply  colored  granules  may  often 
be  seen  at  the  extremities  of  the  rods,  or  m  the  middle,  in  preparations 
stained  with  Lofflier's  solution. 

Morphology. — Short,  thick  bacilli,  thinning  out  at  the  ends;  often  anited 
in  pairs;  may  be  surrounded  by  a  c-apsule. 

Bioloyiral  Cfiaracters. — An  aerobic  and  facultative  anaerobic,  non- 
liquefying  bacillus.  Spore  formation  not  observed.  Grows  in  the  usual 
culture  media  at  the  room  touiperatui-e.  Upon  ge/a(tn  p/afe*  forms  white, 
slij/htly  elevated,  flat  colonies  with  inely  df-'iitate  margins.  In  gelatin  stick 
cultures  the  growth  is  abundant  both  on  the  surf  act*  and  aiong  the  line  of 
puncture;  giis  bubbles  are  formed  in  the  gelatin.  Upon  the  surface  of  agfir 
the  gTfjwth  along  the  line  of  inoculation  is  leaf-like.  Hnely  dentate,  some- 
what ojjatesceut,  and  the  culture  has  a  slightly  aniTuoniacal  odor.  Upon 
blood  serum  a  8emi-trau.s[)arent,  gtisteniug  illm  is  formed,  which  lias  dentat« 
margins, 

Puthogenejfis. — Pathogenic  for  rabbits  and  mice,  less  so  for  birds;  not 

tKithojfeiiic  for  tfuineit-pijpi.     Tlie  animals  die  in  fnim  three  to  seven  daj-s, 
iuocuTattid  iutu  uie  curuea  it  causes  a  purulent  keratitis. 

Hi').    BACILLUS    9EPTICUS   ACUMINATU8. 

Obtained  by  Baliei  i  IS89>  from  the  blood,  the  umbilical  stump,  and  the 
v.iriou.s  organ.s  of  a  cluld  which  died  live  days  after  birth,  apparently  from 
saptic  infection. 

Morphology. — Bacilli  with  lancet  shajK^d  ends,  somewhat  resembling  the 
bacillu.s  of  mouse  septioicmia,  but  thicker,  t)fteu  shows  unstained  places  in 
the  middlo  of  the  nxls  in  stained  preparations. 

t^faiiis  r<.''adilv  with  the  usual  aniliue  colors. 

Biological  Characters. — An  airobic  Ijacillus;  does  not  grow  in  gelatin  a{ 
tlie  ri Him  temperature.  Spore  formation  not  ob«erve<l.  Grows  upun  Worwi 
tierum  and  upon  nutrient  agar  at  '.]7'  C.  in  form  of  small,  flat,  circular, 
transparent,  sinning  colonies,  which  Ix^'oine  coiiHuent  and  lat^r  form  a  yel- 
lowish layer.     B1o<k1  serum  is  the  nwttt  favurijlde  medium. 

I'lith'if/i^ttesiH. —Vtithoi^etiii^   fi»r   ntbbiti'  and   guinea-pigs,   not    for   mire 
The  animals  die  in  fnnu  two  to  six  days,  and  the  bacilli  ar«  found  in  their 
blood  aud  in  tlte  various  organs. 

127.   BACILLUS  SEPTICUS  ULCERIS  GANOR.«NOSI. 

Obtainwl  by  Babes  (1889)  from  the  blood  and  various  organs  of  a  boy  who 
die*l  from  septicemia  following  gaugreue  of  the  skin,  etc. 

Morpftulogy. — Bacilli  with  njuntf  ends,  oval  or  nj<l-8hap*d,  about  O.B  |o 
0.6  tf  thick. 
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BioIogicaJ  Characters. — An  aSrobie,  liquefyinff,  motile  bacillus.  Boea 
not  ff>rm  spores.  Grows  in  the  usual  culture  media  at  the  i-oom  temjwrature. 
lu  ydatin  Hiivk  cultures  a  Rac-fonnetl  liquf^faction  owzure  and  a  yellow  de- 
I.>i)sit  i-s  seen  at  the  Ixittoua  of  the  liquefieti  gelatin ;  giw  bubbles  are  piven  off 
from  t}ie  culture.  Upon  the  surfiu'e  of  agar  development  occurs  along'  the 
line  of  inoculation  in  the  form  of  flat,  gravish-yellow,  tranajMirent,  varaish- 
like  plaques.  Upon  potnfn,  after  several  days,  a  bi'owiush,  shining,  moist, 
transparent  film  is  formed.  Upon  the  surface  of  blood  serttm  Bratxjth, 
yellowish,  transpiirent  colonies  are  formed,  ut>der  wliich  the  blood  serum  is 
softene«l,  alkiwing  these  to  sink  below  the  surface. 

Pathoyeiiesia. — Pathogeiiic  for  mice  and  for  g^uinea-pio^s,  which  die  in 
from  one  to  two  dayu.  An  abscci^  forms  at  the  point  of  inoculation,  which 
is  covered  with  a  dry,  retracted  crust. 
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128.    BACILLUS  OF  TRICOMI. 

Obtaiiietl  by  Trieomi  (1E186)  from  a  case  of  senile  gan^rrene. 
Morphology. — Bacilli  with  round  ends,  alxiut  three  fi  long"  and  one  u 
thick,  solitary  o-  in  paii-s;  sometimes  oue  end  of  a  rod  shows  a  club-shaped 
thickening. 

Stains  with  the  usual  aniline  colora  and  by  Grams  method, 
Biologival  Characters.  -An    aerobic,   Uquefifituj,  non-motile   bacillus. 
Fonns  spores.     Grows  in  the  usual  culture  media  at  the  room  temperature — 
better  at  37'  C. 

U^jou  gelatin  plates,  at  the  end  of  twenty-four  hours,  the  colonies  are 
spherical,  finely  granular,  and  of  a  dirty -yellow  color  ;  after  from  thirty -six 
to  forty-eight  hom-s  liquefaction  of  the  surnjunding  gelatin  occure.  In  gela- 
tin ><tick  culturi'Ji  cliwely  crowded,  small,  white  colonies  are  ft>rmed  along' 
the  line  of  puncture  ;  at  the  end  of  foi'ty-eight  hours  liquefaction  ctm»- 
meiices  in  funnel  form,  with  formation  of  an  air  bubble  above — like  the 
cholei^  suirillum:  later  the  entii'e  gelatin  is  liquefied  and  becomes  trans- 
parent, while  a  dirty-white  colkvtion  of  bacilli  is  seen  at  the  b<tttom  t.f  the 
tube.  Ujwn  the  surface  of  agar  a  white  layer  with  irregular  margins  ia 
formed,  which  later  extend.s  o\'er  the  entire  surface  as  a  homogeneous,  rather 
thin  membranous  lilm.  \J\nn\  jiofafo,  at  37'  C,  dirty-white,  milky  colonies 
are  formed,  which  later  become  confluent.  Upon  blood  serum  Ui©  growciJi  is 
similar  to  that  ui>oii  agar. 

Pathogeuems. — The  subcuhmeous  injection  of  one-half  to  one  cubic  centi- 
metre of  a  gelatin  culture  is  s;ud  by  Triuomi  to  produce  in  n»bbits  and  in 
guinea-pigs  a  gangreuinKs  pr<Kn\s.s  rcst>nibling  senile  gangrene  in  mun.  Tlie 
sulK"utaneoua  connective  tis-sue  is  intiltrated  \viJh  a  foul-smelling  serum,  the 
mu.scles  are  soft  and  gray,  and  a  portion  of  the  skin  has  a  munimitied  ap- 
pearance. The  gangrene  exteiuls  over  the  abdomen,  and  death  occui-s  m 
guinea-pigs  in  two  to  three  days,  in  nibbits  after  four  days,  in  house  mice 
at  the  end  of  twenty-four  hours;  white  mice  are  aaid  to  be  immune. 
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129.   BACILLUS  ALBUS  CADAVERIS. 

Obtained  by  Strassmann  and  Strieker  (1888)  from  the  blood  of  two  cada- 
vers four  daysafter  deatli. 

Morphology. — Bacilli  about  two  and  one-half  fi  long  and  0.75 /<  broad; 
also  grow  out  nito  filaments  of  six  ft  or  longer. 

Staitis  with  the  usual  aniline  colors  and  l>y  Gram's  method. 

Biological  Characters.  — .\.n  airobic,  liquefijinyf  motile  hiicillua.  Spore 
fnrnuitiim  not  ol>serve<:l.  Grows  in  the  usual  cultui-e  media  at  the  room  tem- 
jM-rature.  In  gelatin  plate.n  smnU,  aiiher'uail,  yellowish  colonies  are  formed 
during  the  first  twenty-four  horn's;  later  a  radiating  outgrowth  occurs  from 
the  i>eriphery,  and  liquefjiction  of  the  gelatin  Udces  place.  In  gelatin  stick 
cultures  liquefaction  Wgins  within  forty-eigbt  liovii-s,  and  forms  a  Ion"'  fun- 
nel, at  the  opening  of  \vluch  is  a  cavity  containing  air  ;  the  liquefied  gela- 
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tin  is  transparent,  and  a  deposit  of  tliick,  larnmular  iimsses  accumulates  at  the 
bottom  of  tlie  tube.  UiHiiii  the  surface  of  atjar  a  thick,  white  layer  is  formed, 
which  latfi'  Ls  wriukled  and  after  a  time  g'ives  otf  a  putrefactive  odor.  Grela- 
tui  c'ultui"es  give  oft"  an  otlor  of  sulphui-etted  hydme'en.  Uixju  potato  a  st>ft, 
white  or  piile-yellow  layer  in  formed,  which  in  jilaceK  is  made  up  of  small 
gnuuiles.     The  jKitato  aniund  tlu^  pr<5wth  has  a  hluisli-browii  color. 

Pafhogenemn. — Subcutaneous  injection  of  a  small  quaulity  (0.1  cubicj 
centimetre)  of  a  liquetied  gelatin  culture  is  fatal  to  mice  in  aUiut  six  lioura;] 
the  animals  become  comatose  before  death,  and  at  the  autopsy  put^efacti^'e| 
chances  a i-e  alremly  oljser%'ed;  tlie  liacilhiscan  be  i-ecovered  from  tlie  blood - 
in  cuTtxires.  Sterilizetl  cultures  also  prove  fatal  to  mice.  Pathogenic  hLm 
for  guinea-pigs,  which  die  in  about  iweuty  hours  after  receiving  »  subcuta- 
neous inoculation. 

130.   BACrLLUB   VARICO808  CONJUNCTIV.«. 

ObJained  by  Gombert  (1889)  from  the  healthy  conjunctival  sac  of  man. 

ilfor/j/(()^>f/j/.— Lai*ge  bacilli  with  i-oinid  ends,  fntm  two  to  eisrht  m  long 
and  about  one  /i  broatl;  the  shorter  bjicilU  are  often  constricted  in  the 
middle. 

Stains  with  the  usual  aniline  colors. 

Biohigirnl  C'hftrftcterfi. — An  aeroft/c  and  fncultafii-e  anaSrobic,  liquefy- 
ing,  )ion-;iio/i7»;  buoiUiis.  Grows  very  .slowly  iu  nutrient  gelatin  at  22  C. : 
rapidly  in  agar  and  up<in  ptitat^t  at  37'  C.  In  gelatin  stick  cultures,  at  tlie 
end  of  twenty-four  hours,  a  circular  layer  having  a  grayish-white  centre  is 
develo]jed  upon  the  surface,  and  a  scarcely  visible  grayish-vvliite  tlireadalon^  ' 
the  line  of  puncture.  Liquefaction  extends  gradually  fnjiu  the  surface 
without  clouding  or  changing  the  gelatin,  so  that  at  tKe  end  of  two  M'eeka 
the  gelatin  is  entirely  liqueJieu  without  giving  any  other  evidence  of  the  pre- 
sence of  the  microorganism.  Upon  agar  plates,  at  37'  C,  the  deep  colonies 
have  a  diameter  of  about  four  millimetres  by  the  end  of  the  fourth  day  j 
under  a  low  power  they  are  seen  to  1;k3  covered  with  mhiute.  irregular,  thorn- 
like  projections,  which  subsequently  inci'ease  in  size;  the  centre  of  the  colony 
is  granular  and  opaque.  Tlie  sujierticial  colonies,  under  a  low  power,  are  seen 
to  iiuve  an  opaque  central  nucleus  sriiToundeil  by  a  yellowish,  linely  granu- 
lar, transparent  iieriplieral  zone;  later  the  central  p<irtinu  is  irregular  and 
senii-opaciue,  surrounded  by  a  brtwid  miu-ginal  zone  which  consists  of  twistetl 
and  bent  tapering  offshoi>ts  having  a  dark  contain r.  U^wn  the  siir/Wre  of 
agar  a  thin,  white,  dry,  very  adJierent  film  is  fornie«l;  a  thick,  wliite  film 
forms  ui:pon  the  surface  of  the  eonden.sjitiou  water.  TJprux  potato  develop- 
ment is  rapid  at  37'  C,  forming  at  first  a  dry,  while  la.ver,  which  at  the  end 
of  ten  days  covers  the  entire  surrace;  it  then  has  an  irregular  surface  and 
Mngetl  margins,  is  smooth,  dry,  and  after  a  time  has  a  reddish-brown  color. 

P(tthiMjetie.Hiji. — When  inoculated  into  the  cornea  of  rabbits  a  grayish- 
white  cloudiness  is  developt^d  in  twenty-four  hours,  around  which  the  cornea 
is  highly  vascular;  the  animal  recovers  without  the  formation  of  an  abacen. 
Injected  into  the  conjunctiva  it  causes  an  intense  hyixjnumia. 

131.    BACILLUS  MKNIXOITIDI8   PURULENTw«. 

Obt^iitieil  by  Neumann  and  Schiiffer  <1887)  fmm  pus  from  bejieath  tliepia 
mater  in  an  individual  wh«(  die<l  of  purulent  meuitigitis. 

.l/or/)ftf)/of/H.— Biwiilli  about  two  u  long  and  tJ.6  to  0.7;*  broad;  often 
grow  out  inU*  long  filaments,  especially  in  gelatin  cultures. 

Stitins  >vith  the  usual  aniline  colors,  but  not  by  Gram's  metliod. 

Biological  Chararferti.—Aw  tierobic  and  facidtatlve  anaerobic,  nofi- 
liquefying,  motile  Iwicillus.  Does  not  form  sp<jres.  Grows  in  Uie  usual 
culture  media  at  the  r<«un  tern |)eratitre— better  in  the  inciibjiting  oven.  Upon 
gelatin  phitesXhe  deep  colonies,  under  a  low  iMiwor,  ai'e  homogejieous,  round 
or  oval,  jMile  brown,  and  with  a  smootli  contour;  the  sujierUcial  cohmies  are 
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thin,  moist,  and  tranBiwrent  in  api>earjinee ;  later  they  have  a  grayish  color, 
acoarselv  gmnular  surface,  and  jii-e  nuide  up  of  fiuiJ-fike  layers.  In  gelatin 
stick  culi iwes  the  8U|>erHuijil  gi-ovvtli  corisisLs  of  bnmd,  gmyisli  layei-s,  and  a 
grayish-yellow  gn;iwth  is  seen  along-lhe  line  of  puncture,  made  up  uf  crowded 
cfdonies.  Ui>on  ag<tr  pfatvs,  at  the  end  <>f  Iwentyfour  lii>urs  at  37'  C, 
thin  colonies  are  develoi>ed,  which  have  a  gi-anular  surface,  a  snnK>tli,  more 
or  less  irreffular  outline,  and  a  pale-bruwn  color  in  the  centre.  Upon  potato 
a  scanty,  moist,  white  layer  develops  alonjf  the  line  of  inoculation.  Upon 
blond  Herum,  at  37  C,  at  the  end  of  twenty-four  hours  a  nvoist,  shining  layer 
about  four  millimetres  broad  is  developed  along' the  impfslrich;  this  is  gra- 
nular at  tlie  marg'ins,  and  lati'r  tn<ire  or  lp.s,s  fi8.sui'e<l. 

Fit thogeneni )i.  SubcnUinwws  injectiim  prtxluces  in  dogs,  rabbits,  guinea- 
pigs,  and  white  mice  a  purulent  inflammation  in  the  vicinity  of  the  point  of 
inoculation. 

Vi'i.    BACILLUS  8EPTICUS   VESICA. 

Obtained  by  Clado  (1887)  from  the  urine  of  a  person  suffering  from  cys- 
titis. 

Morphology. — Bjicilli  with  round  ends,  1.6  to  8  ;*  long  and  0.5  ft  thick; 
never  united  in  pairs  or  chains. 

Stains  with  llie  usnal  aniline  colors  and  also  by  Gram's  method. 

Biological  Characters.  —  A.n  aSrobic  and  facultative  auaertthic,  non- 
liquefying,  motile  bacillus.  Porm.s  spores.  Grows  in  the  usual  culture 
media  at  the  i-ooni  temperature.  Upon  gflattn  platen  small,  spherical  or 
oval  colonies  are  develojK-d  throug'hout  the  ^datiii,  which  mi-cly  exceed  the 
size  of  a  pin's  head  ;  those  are  tninspait-nt,  and  yellowiah-wliite  in  color  ; 
under  a  low  jiower  the  centn'  Ls  seen  to  be  dark  gray  ajid  is  suiTounded  by  a 
well  defined  marginal  zone  of  a  pale-yellow  coktr.  In  gelatin  stick  cultures 
the  pxjwth  along  the  line  of  puncture  is  lii'st  seen  as  a  delicate,  whitish 
tliread  ;  at  the  end  of  si.\  or  seven  days  it  is  made  up  of  lenticuhir  colonies, 
one-thira  as  large  as  a  pins  licad,  aiTsmgecl  in  two  lines  like  piles  of  coin. 
Upon  Llie  surface  the  growth  is  scanty  and  consists  of  a  thin  layer  aitiund  the 

Soint  of  inoculation,  which  has  a  jaggeil  contour.     Upt>n  the  surface  uf  a^r 
evetopment  is  slow  and  fortjis  a  gj-ayish-whitc  stripe  along  tlie  impfstnch. 
Upon  ymtnto  a  flat,  dry,  chestnut-bmwn  layer  is  fonnetl. 

Pathogt'Jiema. — Pathogenic  fnr  ndihits.  guinea  pigs,  and  mice.  Death 
appears  to  result  from  the  toxic  jiriMlucts  formed,  as  well  as  from  the  multi- 
plication of  the  iHicrlli  in  the  iaoi'ulal(Hl  animals. 

IS.I.    BACILLUS   OF  OE-SSXER. 

Sifnr>ni(m. — Bjwteriuni  Iholoideum  (Clcs-sner) . 

Olitiiiup*!  by  Ges-sner  fwm  tlie  contents  uf  the  intestine  of  healthy  tifrsims. 
Resembles  in  its  morphology  and  in  ils  growth  in  culture  media  Bacillus 
lactis  aijrtjgenes  of  Escherieh. 

Pathtijfenic  for  mice  and  for  guinea-pigs. 

134.    BACILLUS   CHROMO-AROMATICUS. 

Obtatnetl  by  Galtiw  (1R8S)  from  a  pig  which  *tied  from  a  general  infec- 
tions malaily  chanicterized  by  broncho-pneumonia,  pleuritis,  enteritis,  and 
swelling  of  the  lymphatic  crhuids. 

Morphology. — EtacilU  w  medium  size  with  roundetl  ends. 

.S/«m«  with  the  usual  miiline  colors. 

Biological  Cliaracters. — An  aerofnr  uml  facnllative  itvaerithic,  liqiwfy- 
ing,  rnottle  bacillus.  Not  observed  to  f(.»rin  s))ores.  Grows  in  the  usual  cul- 
ture media  jit.  the  room  temi>enittire — better  in  the  incubating  oven.  Tlie 
cuItun-H  all  produce  a  grwn  or  brown  pigment  and  have  an  aromatic  (xlor. 
In  gelatin  utirk  cidtujvsa  yelluwish-white  layer  is  formed  upon  the  surface 
of  the  liiiuelied  gtdatin,  which  Jias  a  bright-green  ctilor  ;  a  yellowish-whito 
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depmsit  accuiimlates  at  the  bottom  of  the  tube.  Uiton  the  sxirfaoe  at  i  _ 
whitisli  colimics  are  formed,  whioh  coalesce  to  fonn  a  thin  layer.  Vyaa 
poiaio  a  tolenilily  thick,  somewhat  iruh'siviit.  brown  layer  is  formed,  wbieii 
extendK  ovt'p  tlie  entire  surface.  In  bouHlon.  at  the  end  of  twentv  foor  to 
forly-eiKlit  hours  at  37°  C.  a  greenish-yellow  color  is  developed,  first  ntw 
the  surmce  and  later  extending  throughout  the  fluid,  which  acquires  tlie  cnkr 
of  a  dilute  solution  of  suiphute  of  cojjpcr  ;  a  whitish  tilui  forms  upon  the 
surface.     In  anaerobic  cultures  the  color  is  a  fWile  brown  instead  of  irreeo. 

Pathogenejo'ii.  —Rabbits  die  at  the  end  of  two  to  three  weeks  after  reeiiT- 
ing  an  intravenous  injection.  At  the  autopsy  they  are  found  to  hare  ptMO- 
monia  with  pleuritia  and  pericarditis. 

136.   BACILLUS  CANAL13  CAP8ULATU8. 

Obtained  hy  Mori  (18SS)  from  sewer  water. 

Mor})lMloy]f. — BucitH  with  round  ends,  elliptical  or  rod-sbape  in  form, 
and  fn>m  O.St  to  1.6  //  thick  ;  often  surrounded  with  a  broad  capsule,  which 
is  alwa>'s  seen  in  prepurulions  from  tiie  blo<xl  or  tissues  of  ao  infe^ed  ani- 
mal;  stiinetinics  in  pairs  with  the  acute  ends  of  the  rods  in  appositioa.  v>d 
sun-ounded  by  a  single  capsule. 

Stains  wi{h  the  usual  aniline  colors,  but  not  by  Gram's  method. 

Biiilinjivat  ChnracterH. — An  aeniinc  and  fM'ultative  atuii-rxihic,  mm- 
litjitefyiuy,  tiim-modle  biwillua.  Sijore  fonnation  notohaerved.  Onnn  in 
the  usual  cultui-e  media  at  the  room  temix-rature.  Upon  gekfHm  piatm 
hemispherical,  porcelain-white,  sharply  detiue<l  colonies,  reaembliiif  tluaiof 
FriMllander's  Iwcillus,  are  develope*!  at  the  end  of  twenty -four  boon.  la 
gelatin  lit ick  cnltuirs  development  occurs  along  the  li»»e  of  muictnre  ■ad 
upon  the  sni-face,  forming  a  '"  n:iil-slint)od  "  growtli  similar  to  tJfutt  ot  F^iiA- 
liindei-'s  bacillus  (Bacillus  pneuttionia.')  in  the  same  mtHliutn.  Upas  OBV 
a  vi.scid  and  abundant  gft)Wth  is  furmcil  in  the  incuK^ting  ovMi  ti  ST'^C 
tj^m  potato  an  abundant  development  in  the  form  of  aj'ellowuilL,  mtrfM,  vik- 
cid  layer,  with  irregular  oultint\s.  In  houillon.  at  the  end  of  tlin-e  itt  toor 
days/a  white  film  forms  on  the  surface,  especially  in  coutMrt  with  the  tort 
tube. 

Pnihoffenems.— nice  die  in  two  to  three  daj-s  after  receiving  i 
ous  iujectiuu.     Guinea-pigs  and  rabbits  arc  iimnune. 

136.   BACILLUS  CANALIS  PARVTJ8. 

Obtained  by  Mori  (1888>  from  sewer  water. 

Morpfiology.  —Bacilli  with  round  ends,  from  2  to  5  m  lon^  and  0.8  lo 
broad. 

Staifi-i  with  the  u.sual  aniline  colors,  hut  not  by  Gram's  nwtbod  ; 
ends  of  the  iimLs  are  more  deuply  stiiinetl  than  tiie  central  portion. 

Bioloyinil  CfuiractefH. — An  nirobic,  nonliquefifing,  nttntnAtiU  h 
lus.  Not  observed  to  form  spores.  Gi-ows  very  slowly  at  the  room  Itiua— ■ 
lure — more  rapidly  at  37°  C.  Ui>«m  gelatin  nldtejt.  at  the  end  of  tvro  to  wm 
weeks,  extremely  minute,  homogeniHMis,  pale-yellow  colonies  are  dBTtk^ld 
In  gelatin  fit ick  cultures  a.  thin,  yellowish  layer  forms  u|M)n  themftetrt 
the  end  of  three  weeks.  U|.M«n  the  surface  of  a{far.  at  ;i7  C,  a  drv.  jrvUnv- 
ish  layer  witli  jajrgc>d  outlines  is  <lcveloped  in  two  or  throe  tla>'s.  I^o  aiowA 
occurs  upon  potato.  Upon  blood  serum  a  thin,  palo-grwn.  drjr  £jcr  if 
formed. 

Pathogenesis. — Mice  die  in  from  sixteen  to  thirtv  hours  aft«ir  recnriaf  a 
subcutaneous  ijioculation,  guinea-pigs  in  about  two  days. 


137.   BACILLUS  INDIOOOKNUS. 


leavwof  tb* 


Obtained  by  Alvarez  (1887)  from  an  infusion  of  the 
plant. 

Morphology. — Bacilli  with  round  ends,  about  3  u  lon^  and  1.S  0  thick. 
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often  united  in  chains  of  six  to  eight  elements.  The  c*ells  are  surrounded  by 
a  transnarent  capsule  resembling  that  of  Friedlfinder'a  bricillus. 

Biological  Chantcters. — An  aeroliic,  motile  bacillus.  U^)on  agar,  at 
37°  C,  a  yellowish- whit*  layer  is  quickly  developed  and  tliere  is  production 
of  gas.  According  to  Alvarez,  this  bacillus  develops  an  indigo-blue  color  in 
a  sterilized  infusion  of  the  leaves  of  the  indigo  plant. 

Patfiogene^is. — Guinea  pigs  die  in  ftum  three  to  twelve  hours  from  the 
intraTCnous  injection  of  a  pure  culture. 


' 
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138.    BACILLUS   OF  KARTtTLIS. 

Obtained  by  Koch  (1883)  and  by  Kartulis  from  the  conjunctival  secre- 
tions of  persons  suffering  from  u  form  of  infectious  catarrhal  conjuuctivitia 
which  prevails  in  EgNirt. 

MorpfwUtgj/, — Resembles  the  bacillus  of  mouse  septictemia  (Bacillus  mu- 
riseplicus)  in  it.s  f<jrm  and  dimensions. 

iitaiiiH  with  t)ie  usual  aniline  colors. 

Bioloificnl  Characters. — An  nervine  bacillus.  Does  not  grow  in  nutri- 
ent gelutm  at  the  mom  temj>enitin'e.  Upon  the  surfa<.'e  of  nuh'ifnt  agar,  at 
28'  to  30'"  C,  at  the  end  of  thirty  to  forty  lioui-s  small,  grayish-white  iioints 
are  developed  along  the  imjifstrich  ;  later  these  beconve  confluent  and  form 
an  elevuted.  shining,  dark-coloi-ed  layer  with  irregular  and  often  jagged 
margins. 

Pathogenesis. — Out  of  six  e.xperimental  inoculations,  with  pure  cultiuMjs, 
made  by  Kartulis  in  the  eyes  of  healthy  individuals,  four  gave  a  negative 
result,  one  pitMhiced  a  catarrhal  inflatumation  Listing  for  a  week,  in  an  eye 
which  was  blind  fit.iin  a  previous  attjick  of  scleixielioi'otditiB,  and  one  a  con- 
junctivitis lasting  for  ten  days  in  a  perfectly  healthy  eye. 


hospital  at  Augs- 
from  the  contents 


139,   BACILLUS  OF  UTPADEU 

Obtained  by  Utpadel  (1887)  from  the  wards  of  a  military 
burg — in  the  "  Zwisohendwkonfiillung";  also  by  Gesauer  1 
of  the  small  intestine  in  man. 

Morphidogy. — B:icilli  with  round  ends,  1.25  to  1.5  n  long  and  075  to  1  /* 
thick;  often  united  in  jxtii-s  or  in  cliains  of  three  elements. 

Biological  Cfuiractern. — An  aerobic,  non-liqw-fying,  motile  bacillus. 
Grows  in  tiie  usual  culture  media  at  the  riMjm  teaniei-ature.  Spore  forma- 
tion not  observed.  Upon  gelatin  plates  the  sui*crlieial  ccvlonies  arc  elevated 
and  sometimes  conical,  and  of  a  milk-white  color.  The  deep)  colonies  are 
i-ound  or  oval;  the  centre  is  dark  green  and  is  surroundwi  by  a  brownish- 
preen  peripheral  zone.  ^^"^^  ^''^  surface  of  agar  a  yellowish-white  layer 
IS  developed  very  slowly.     The  ppv^wth  upon  gelatin  is  rapid. 

Pathoyenesis.' — When  injected  aulx'utaneously  into  cat.s,  guinea-pigs,  or 
mice  it  pnxlucea  an  extensive  intlammatory  oedoiua,  resuitiug  in  tlie  death 
of  the  animals. 

140.    BACILLUS   ALVEL 

Sijnoni/m. — Bacillus  of  foul  brood  (of  bees). 

Olitainwl  by  Cheshire  and  Cheyne  (1885)  from  the  larv.ne  in  hives  infected 
with  ''  fou!  briH>d,'"  The  larviB  in  the  interior  tif  cells  in  tlio  comb  die  and 
become  almost  tluid  a.s  a  re.'iiilt  of  pant-sitic  iiiva-sion  hy  tlii.s  bacillus. 

Morphatiiiji/. — Bitfilli  with  nmiuJed  ends,  fi'om  2.->  to  i»  /'  in  length  (aver- 
age ab<jut  ii.t;  ^i}  and  11.8  u  in  diameter.  Grow  nut  inl^v  tihitnent.si  and  form 
largo  oval  siKii-ea  which  have  a  greater  diameter  than  the  rods  in  which  they 
are  develope<l — 1.07  «. 

Staitui  reatlily  with  the  aniline  colors  usually  employed,  also  by  Gram's 
meth(Kl. 

Biological  Characters. — An  agrobic  and  facultative  atiaerobic,  liquefy- 
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inq,  motile  bacillus.  Forms  eiwlogeiiouB  spores.  Grows  readily  in  the  usual 
cuJture  metlia  at  the  room  t-einiK'ntture. 

In  gtilat in  plates  small,  rcuuul  or  oval  colonies  are  formed,  which  later 
become  pear-shaped;  a  bniiichiiig  oiitgmwth  occurs  about  the  mar^gfins  of  the 
colonies,  and  esixwially  frt^ra.  the  small  end  of  the  pear-shaped  mass.  In 
streiik  cultuifs  upon  tlie  surfaceof  g'ekiUn  growth  occurs  first  along  theimpf- 
stricli,  ami  from  this  a u  outgrowth  oecui-a  consisting  uf  bacilli  in  a  single 
row  or  in  several  pamltel  rows,  ami  forming  irregular  or  circular  figui-es, 
fi-ora  which  othfr  similar  outgrowths  occur;  tlie  hniiiching  outgrowths  may 
Jitijistomose.  The  golatiu  is  liqueliwl  in  the  vicinity  of  these  Hues  of  growtli, 
fonning  a  network  of  channels.  A  aiuiilar  growth  is  seen  upon  the  surface 
of  gelatin  stick  cultiuv^,  and  along  the  line  of  puncture  white,  irregular 
msLsses  are  formed,  from  whidi  nitYier  coai-se  branches  are  given  off  which 
often  have  a  club-shaped  e.xti-emity.  In  older  cultures  the  finer  branches 
disappear,  so  that  the  secondary  centres  of  growth  are  disconnected  from  the 
oHgiual  colonies;  coraplote  liriuefaction  of  the  gelatin  occurs  in  about  two 
weeks;  the  liqueHed  gelatin  h>\s  a  yellowish  color  and  peculiar  o<lor.  Upon 
the  surfiice  of  nutrient  agar,  at  37"  C ,  a  white  layer  is  formed,  Upon  potato 
the  development  is  slow  and  resulted  in  the  formation  of  a  dry,  j-ellowish 
layer.  In  milk  coagulation  fii-st  occurs,  and  the  coagulum  is  subseauently 
dissolved;  a  slightly  acid  rejw^'tioa  is  prttduced.  Tliis  bacillus  g^rows  best  in 
the  incubating  oven  at  37\  and  does  nctt  develop  at  temperatures  below  16* 
C.  The  spores  require  for  their  destructiitn  a  temperature  of  100'  C.  maiU' 
tained  for  four  minutes  {detcrnune<t  by  the  writer,  1887J. 

Pathogenesi.'i. — The  inti-oductioti  of  pure  cultures  of  this  bacillus  into 
hives  occupied  by  healthy  swaruis  causes  tliem  to  become  infected  with  foul 
brooil;  gix>wn  bees  also  become  infected  when  given  foo<l  containing  the  ba- 
cillus (Cheshire).  Mice  injected  subcutaneously  with  a  considerable  quan- 
tity die  within  twenty-four  hours,  jg'uinea-pigs  in  six  days  (Eisenberg). 
Small  amounts  injected  beneath  the  skiu  of  mice  or  rabbits  produce  no  appa- 
rent result. 

141.   BACTLUrS  OF  ACNE  CONTAGIOSA  OF    HORSES. 

Obtaine<i  by  Dieckerhoff  and  Grawitz  (1885)  from  pus  and  dried  scales 
frt>ra  the  pustules  of  "  acne  contagiosa  "  of  horses. 

Morphology, — Short  nwls,  straight  or  slightlv  bent,  0,2  ft  in  diameter. 

Status  best  with  an  acmecms  solution  of  fuchsin,  and  also  by  Gram's 
metliod ;  does  not  stiiiu  well  with  Lotfler's  alkaline  solution  of  mctliylene 
blue. 

Biofngival  Cltarncfera. — An(ierol)ic,  von-Uquefifinij  bacillus.  In  gelatin 
Kfick  ritltures  a.  very  sc:inty  growth  occui-s  along  tlie  line  of  puncture;  upon 
the  surface  a  white  ma^is  forms  about  the  point  of  puncture.  Ujwn  blood 
ffcrnin  and  nutrient  ayar  an  abundant  growth  at  the  end  of  twenty-four 
houra  at  37'  C,  consisting  of  white  colonies  along  tlie  impf.strich.  which 
later  have  a  yellowish-gray  color.  The  growth  is  raore  abundant  and  rapid 
upon  blood  serum  than  upon  other  media. 

Pathonciiftiis. — Pure  cultures  of  the  liacillus  described  are  said  by  Diecker- 
hoff andtirawit?,  to  produce  typical  acne  pustules  when  rubl>ed  into  thoskin 
of  horse.s,  calves,  sliw;p,  and  ilogs.  When  rubbed  int<i  the  intact  skin  of 
guinea-pigs  a  phlegmonous  er\-8ipelatous  inllauimation  was  produced,  and 
the  animal  died  at  the  end  of /orty-eight  hours  with  symptoms  of  t4>xu'miu. 
Subcuhuieous  injections  in  guinea-pigs  cause<l  toxicmia  and  death  at  theend 
of  twenty-four  hours.  .\t  the  autopsy  a  haunorrha^ic  infiltration  of  the  in- 
testinal mucous  membrane  wjis  ol)s»?rved;  the  biK'ilTi  were  not  found  in  the 
internal  organs.  In  r.ibbits  pun^  cultures  rublKnl  into  the  intact  skin  caused 
a  development  of  pustules  and  a  severe  inflaninialion  of  tlie  snlKutaneous 
connective  tissue,  fnvm  which  the  animal  usually  recovered.  Subcutaneous 
injections  in  rabbits  sometunos  ciiused  a  fatal  toxa-mia.  House  mice,  field 
mice,  and  white  mice  were  not  uti'ected  by  the  application  of  cultures,  by 
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rubbing,  tr>  the  uninjured  skiu,  but  succumbed  to  subcutaneous  injections  in 
twenty-four  hours  or  betweon  the  fifth  and  tenth  days.  Tliose  which  died 
at  a  fate  date  presented  the  ytttholo^ical  appeii.rancej«  which  churucterize 
pyaemia. 

142.  BACILLUS  NO.   I  OF  ROTH. 

Obtained  by  RoUi  (1890)  from  old  rags.  Renemblea  Bacillus  coli  com- 
munis taud  Rripgpr'sbtwillus  in  its  tnorpholopy  and  gif'wth  in  various  culture 
DR-diu.  but,  a«'conliii<;  In  Koth.  is  tli.stinjriiLshed  from  these  bsicilli  by  the  fsicfc 
that  fDliHiitw  iii|H)n  gplatiu  pla(«s  ari'  thicker  and  ninit-  ojHique. 

Pftthoge.neftin.  —  Pathi>^eiiic  for  rabhits  anil  for  fruiueji-piffii  when  injected 
into  the  cavity  of  ttie  abdinnen;  death  usually  occurs  wituin  tweuty-four 
hours.  Tlie  snleen  is  prt^atly  enlargeil,  and  the  bacilli  are  found  in  cultiires 
from  the  bloou  and  various  organ.s. 

143.    BACILLUS   NO.    II   OF   ROTH, 

Obtained  by  Roth  (1890)  from  old  rags. 

Morphnlng'y. — Bacilli  with  round  ends,  0.6  to  1  ;<  broad  and  two  to  four 
times  as  Inn^. 

Stains  with  the  usual  aniline  colors.  When  stained  by  Gram's  method 
it  is  decolorized  by  aU-ohol. 

Biological  Chantctem. — An  airobic  and  ftwultatix'e  anaerobic,  nnn- 
liqitrfyiruj,  uon-mnfile  bacillus.  Grows  in  Uif  usual  culture  media  at  the 
room  tempeiiiture.  Ujjon  ffplatiii  }>lat('M  coIi»nif"s  n/semblinjET  thaw  of  tiie 
coliui  bjiciilus  lire  <le\'eli>ped  at  the  end  of  twenty-four  lunu's;  on  the  thiiTl 
day  small,  di*K)p-Iike,  .sliinitiir.  I)lui,sh-w1iite  colonics,  ai-ouud  the  iieripherv  of 
which  a  commencin(j  extension  uinm  the  surfiK'c  of  the  (jelatin  is  seen.  Older 
colonies  are  seldom  mow  than  one-half  ceulinietrc  in  diameler,  andare  some- 
what thicker  tliau  this;  thev  are  nearly  tnuisjiaivnt.  UiMtn  the  surface  of 
gehrtin  stirlc  t-nlfitreH  a  ratlier  moist,  yellowisli-white  layer  with  dentate 
martrius  is  dcveIoi)wl.  Uinm  potato  a  colorless  layer  is  "developed,  which 
later  has  a  grayish  color. 

Pathogenic  for  rabbits  and  g-uiuea-pigs  when  injected  into  the  abdominal 
cavity. 

144.   BACILLUS  OP  OKADA. 

Obtained  by  Okada  (I8fll1  from  du.sl  between  the  boawls  of  a  floor. 

Morj)hologn. — Short  nwls  with  round  end."!,  about  as  long  as  Bacillus 
inuri8ei>ticus,  but  *<oniewliat  thicker — about  twice  a>i  long  as  thick;  solitary 
or  in  |xiirs;  in  old  cultui'cs  may  \im\v  out  inti>  lilaments. 

Stains  with  the  usual  aniline  coloi"a,  but  not  by  rri-am's  method. 

Biological  Choractevti.  —  An  aerobic  sHui  faciiUatire  nnacrolnc,  non- 
tiqiiefyiug.  non-motile  bacillus.  Does  not  form  spores.  (Irow.s  in  the  usual 
culture  nunlia  at  the  riHim  leinpeiiitiu'e.  Upaui  tjclaiin  platcJi,  at  the  end  of 
two  to  three  days,  Kuiall.  wiate,  spherical  colonics  are  developtHl.  Uialer 
the  microscojje  these  are  Bseen  tit  Ix"  ^ranuliir,  pale-bi-own  in  color,  and  with 
Blitrhtly  jag'g'f.^d  nuirffins;  the  suiR'i'ticial  coionie,<s  after  several  days  are  cou- 
jgiderably  elevated  alK»ve  the  level  of  the  pelattu.  In  {fchitin  nfick  c>il(iirc.i 
development  occurs  as  a  white  thifud  along'  tlie  line  of  puncture,  and  upon 
the  surface  as  a  flat,  milk-white  layer  which  diw.s  not  e.vlend  to  the  walk  of 
the  test  tube.  Upon  agar,  at  37'  C5. ,  the  growth  is*  rapid  and  the  sm-face  is 
nearly  covered  at  the  eiul  i>f  cifrhteen  houi-s  with  a  milK-whiLe  layer;  the  con- 
densation water  is  filli-d  with  a  viscid  maas  t>f  luu-illi.  U\n>n  blntxl  sei^um 
the  g'rowth  is shiniujr  and  ahuost  transparent.  In  lutuiUon  development  is 
rapid,  clouding  the  fluid  througlnnit,  and  a  cn^am-like  layer  forms  ujxm  the 
surface. 

PathogencmH. — Rabbits  and  guinea-pigs  die  in  alx)ut  twenty  hours  after 
receiving  a  subcutiuieou.s  injc!cti<ui  of  a  half-syringeful  of  a  bouillon  cul- 
ture, or  from  a  small  quantity  ttwo  osv)  from  a  gelatin  or  agar  cultui-e.     In 


A 


510 


PATHOGEXIC   AEROBIC   BACIIJ-I 


mice  a  minute  quantity  of  a  ])iin'  c-^tiltui-c  irivaiiiibly  proved  fatal  in  about 
twenty  lioiu-s.  pour  houi-suftir  the  inm-itlHtiim  an  abundant  secj-^ljon  from 
the  liichryuial  glantLsrxH-ui-s,  and  smin  after  the  eyes  }>efome  oompletely  closed. 
Ac't'i>f<liiig'  to  Okada,  tliis  haciUus  is  diJterentiiited  from  tne  bacillus  of 
Brieper,  (iu<l  ftimi  Rmmerich's  barillus  which  it  greatly  resembles,  by  the 
fact  that  it  does  not  grow  ujiou  potato. 

lis.    BACILLUS  OF  PURPURA   H-EMORRHAGICA   OF  TIZZONI   AND 

GIOVANNINI. 

Obtained  by  TiMoni  nndGiovannin!  (1R89)  frrvtn  the  blood  of  two  children 
who  dwd  iif  jjtn'i>ufa  ha'inorrliajcit'afidlowino'  impetigo. 

Morphology. — Bacilli  with  itiutul  ends,  from  0.75  to  1.3  f^  lon^  and  0,t 
to  0.4  fi  bronn;  often  st'eu  in  ^laii-s  or  in  eroujis  like  streptix'occi. 

Sfiiinn  with  tlie  usual  aniluie  color's,  but  not  by  Gnim's  method. 

Biohnjiful  Chamcters. — An  aerobic  imd  fnr.uUntire  aunerf^ie,  non- 
liqiiij'yiui/,  non-mo/i7<?baci]luH.  Spoi-e  fonjuition  not  observwl.  Grows  in 
the  usual  culture  media  at  the  room  temixTiilure.  V[Hyn  grlaii it  plates  the 
colonies  at  tirst  resemble  those  of  Strepttjcoccua  pytujenes.  Upon  tlie  Kurface 
small,  opaque  points  are  S(»en  at  tlie  end  of  forty -eijrht  hours,  which  at  the 
end  of  four  to  five  days  develon  into  Kjdicrical,  yellowLsh-gTay  colonies  with 
irregular  margins,  surrounded  by  a  growth  resembling  tufts  of  curly  hair. 
Upon  agar  the  griiwth  is  similar,  but  more  rapid  and  of  a  pale  color,  often 
with  a  central  nurleua  surrounded  by  a  ntt-!iko  margtniil  zone.  Ujxin 
blotxl  aeruni,  the  growth  is  similar  to  that  upon  apar.  Upon  potato,  at  37 
C,  a  limited  development  occui-s  about  the  point  of  inoculation,   which  has 


a  dark-vellow  color.     The  cultures  give  oif  a  very  jienetnitinp  oflor. 

Pntlioqi-nenin. — Pathogenic  for  dogn,  rabbits,  and  guinea-pigs  when  in- 
jected  subcuUmeously.     Not  pathogenic  for  white  mice  or  pigeons.     Tlie 


symptoms  resulting  from  a  subcutaneous  injection  are  sjiid  to  be  fever,  al- 
buminuria and,  in  some  c:i.ses,  anuria,  htciiiorrhiigic  spota  upon  the  skin, 
convulsions  ;  death  occui's  in  from  one  tt>  three  days.  At  the  autopsy  there 
are  found o.'dema  al>out  the  jmjluI  of  in^)culatiI>u,  haMnorrliage.'*  iu  the  skin  and 
musjcles,  and  sometimes  in  the  iuternal  organs  and  in  serous  cavities;  the 
blood  does  not  congulate.  Tlie  bitcilli  ai-o  found  in  the  subcutaneous  con- 
nective tis.sue,  but  not  iu  (he  blootl  or  in  the  varions  organs.  Sections  show 
coagulation  necrosis  of  the  liver  cells  and  of  the  reual  epithelium. 

14G,   BACILLUS  OF  PURPURA  H^EMORRHAGICA  OP  BABES. 

Obtained  by  Balic.H  (1890)  from  the  spleen  and  lungs  of  an  individual  who 
died  from  ])ur|>utu  hn-raorrhagica  with  symptoms  of  seplicicmia.  Resembles 
the  bacilluH  previously  de.sciihed  by  Tizzoni  and  Giovanuini,  and  sUlI  more 
that  of  Kolb;  but,  according  to  BaVie-s,  <litfers  iu  some  resi)ects  f rom  both  of 
these,  although  tlicy  all  Ixdong  evidently  to  the  same  grtuip. 

Morpholfujy. — Bacilli  with  rounded  ends,  oval  or  pear-shaped,  about  0.3  ;' 
thick,  surrounded  by  a  narr<3w  capsule. 

Sfaina  with  the  aniline  colors,  but  not  deeply,  and  still  less  intensely  by 
Gram's  method. 

Biological  Ouiractors. — \n  aSrahip  and  facultative  anaerofnc,  non- 
liqttefyiug,  non-motile  bacillus.  Does  not  form  sjKtres.  Grows  iu  the  usual 
eultun  media  at  the  room  temperature.  In  gelatin  stick  cnltuiv^,  at  the 
end  of  three  days,  a  thin,  trauspsirent,  irregular  layer  has  developed  upon 
the  surface,  and  a  whitish,  punctate  stripe  along  the  line  of  inoculation.  In 
agar  stick  cttlinreM  lui  abundant  development  occure  along  the  line  of  punc- 
ture, anil  at  the  end  of  tliree  days  the  growth  upon  the  surface  consists  of 
small,  moist,  transparent  drops;  later  of  larger,  flat,  shining,  yellowish- 
white  plaques  whicn  have  ill-define*l  margins.  Upon  IiIiumI  g^'iini  the  de- 
velopment is  somewhat  more  abundant  in  the  form  of  small,  whit«,  moist 
colonies  one  to  two  millimetres  broad.  Upon  potato,  at  the  end  of  three 
days,  moist,  whitish  drops  with  ill-deQncd  margins. 
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Pathogenf.'iis. — Inoculations  in  tlio  conjuiictivne  of  rabbits  produce  ecchy- 
moses  of  tine  conjunctiva.  At  tlie  autopsy  nunierous  lia^morrnapic  extrava- 
sations  are  found  in  all  the  organs,  espw^ially  in  the  lungs  and  liver;  the 
Bpleeu  13  enlarged;  the  baciilli  can  Iw  recovered  in  pure  ctiltun-s  from  the 
various  organs.  Old  cultures  proved  tx>  have  lost  their  virulein-e.  Patho- 
genic for  mice,  •which  die  from  general  infection  in  the  coui-s©  of  a  few  days; 
the  spleen  is  enlarged,  and  hfemorrhag^s  in  the  serous  membranes  are  usually 
seen. 

147.    BACILLUS  OF  PURPURA  HEMORRHAGICA  OP  KOLB. 

Obt'iined  by  Kolb  (1S91)  from  the  various  organs  of  tliree  individuals 
who  died  in  from  two  to  four  days  from  attacks  chai-acterized  by  suddenly 
developed  fever,  purpura,  and  atbumiuous  urine. 

Morphoiogy. — Oval  bacilli,  usually  in  pairs,  0.8  to  1.6^  long'  and0.8>i 
broa<l.  surrounded  by  a  nari-ow  capsule,  which  i.s  only  seen  distinctly  in 
pre])a rations  from  the  organs. 

Staiiis  with  the  aniline  colors,  but  not  deeply,  and  still  more  feebly  by 
Gram's  method. 

Biological  Chami'teis.  — An  aerobir  and  facultative  anairobic,  non- 
liqitefying  non-motile  bacillus.  Does  not  form  spores.  Grows  in  the  usual 
culture  media  at  the  room  temperature.  In  gelatin  stick  cultures,  at  the  end 
of  four  days,  a  very  small,  thin,  hyaline  growth  is  seen  about  the  point  of 
inoculation.  The  developnvent  is  more  abuTidant  along  the  lino  of  puncture. 
Upon  the  surface  of  agar  a  thin  layer  i.s  formed  with  smooth  margins. 
Uixm  jxitato^  at  the  end  of  three  to  four  days,  a  whitish,  moist,  shining  stripe 
is  seen  along  the  impfstrich  which  is  aljout  three  millimetres  broad. 

Pathogenesis. — Injections  of  0.5  to  1  cubic  centimetre  of  a  bouillon 
culture  inlo  the  abdominal  cavity  of  rabbits  cause  symptoms  of  geivoral  in- 
fection in  tJie  course  of  a  few  days,  and  not  Infrequently  hteniorrhapic  ex- 
travasations are  seen  in  the  ear  muscles.  More  than  one  cubic  crntrmetre 
may  cau.se  death  in  fnnn  fine  to  three  days.  At  the  autopsy  hivniorrhagic 
6xtrav<isations  are  found  in  the  sulK'Utcineous  tissues  and  in  the  .serous  and 
mucous  nieuibranea.  The  blood  has  little  disjiosition  t<5  coagulate;  the 
bacillus  may  be  recovered  in  pui-e  cultures  from  the  various  organs.  In 
guinea-pigs  local  ecchymoses  are  sometimes  produced,  otherwise  not  patho- 
g^enic  for  this  animal.  Patho^nic  for  mice,  which  die  from  general  infec- 
tion, after  being  inoculated  witu  a  small  quantitj'  of  a  pure  eultui-e,  in  fi-om 
two  to  three  days;  spleen  enlarged;  lymphatic  glands  often  ha:'uiorrhagic. 
Not  fatal  to  dogs,  but  animals  which  were  inoculated  with  one  cubic  centi- 
metre of  a  bouillon  culluj-e  and  subsequently  killed  proved  to  have  hiemor- 
rhag-ic  extravasations  in  the  various  organs. 

148.   BACTLLU8  HE.MINECROBIOPHILUS. 

Obtained  by  Arloinir  (1889)  from  a  caseous  1^'mphatic  gland  in  a  guinea-pig. 

Morptiology.—liAc'mx  which  vary  gi-eatly  in  length  and  are  soinetinies  bo 
short  as  to  resemble  niicrocot-ci  ("polymorphous");  usually  from  one  to 
four  u  long;  in  anaerobic  cultures  from  eight  to  twenty  h. 

Stains  with  the  usual  aniline  colors. 

Biological  Chaixicfers. — An  aerobic  and  facultative  anaerobic,  von- 
liquefying,  slighthj  motile.  huicWhm.  Sjjore  formation  not  observed.  Grows 
rapidly  in  the  usual  culture  media — be.st  in  the  inculmting  oven  at  35'  C. 
The  gi-owth  utxni  the  surface  of  gelatin  has  a  yellowish  color.  Upon  potato 
a  yellowish-white  layer  is  developed. 

Pntlutyfiie^is. — .According  to  Arloing,  this  bacillus  is  not  pathogenic  when 
injected  into  healthy  tissues  in  dogs,  slieep,  guine^i-pigs,  and  rabbits,  but 
when  the  tissues  have  previously  been  injured  it  produce.^  a  hjcal  cedeina  and 
necrotic  changes,  accompanied  by  gas  formation.  This  is  not  peculiar  to  the 
microorganism  describuu  by  Arloing,  which  appears  to  be  one  of  tJie  Proteus 
group. 
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149.   STREPTOCOCCUS  CONGLOMERATU8  (Kurth). 

Obtained  by  Kurth  (1890)  from  cases  of  scarlet  fever. 

Moi'pholoat/. — As  obtained  from  bouUlon  cultures  it  consists  of  maaaei^ 
made  up  of  cliaiiis  of  coct;i ;  free  chains  are  only  occ«sionally  seen. 

Biological  CharacterH. — Tliis  streptococcus  is  said  to  differ  from  Strepto- 
coccus pyogenes  and  various  other  previously  described  streplixwoci  by  the 
fact  that  in  bonillun  cultttrefi,  at  a  temperature  of  37  C,  it  forms  at  the  bot- 
tom of  tlie  tube  smooth,  i-ound,  and  very  lirra  wliite  scales,  or  a  single  flat 
laj'er  which  is  not  disintegrated  when  the  tube  is  sliigrhtly  agritaled;  other 
streptococci  are  said  to  form  a  loose  d^-posit  which  is  eitlier  entirely  broken 
up  or  forms  viscid  tlireads  when  the  tube  is  gently  rotated. 

Pathogenesis. — Very  pathogenic  for  mice. 

150.    BACILLUS   CAPSULATUS   MUCOSU8   (Fasching). 

Obtained  from  the  nasal  secretion  in  two  cases  of  influenza. 

Jl/brp^*oto{7i/.  — Bacilli  from  3  to  4  //  long  and  0.76  to  1  /<  thick,  enveloped 
in  a  capsule  containing  one  to  four  individuals. 

Biological    ChanicterH. — An  aerobic  and  facultative  ano^rcbic,   nonr 
viotih:,  non-iiqiiefyiiig  bacillus.     Does  not  form  spores.     Grows  in  the  usuall 
culture  media  at  18   to  35"  C.     Upon  gelatin  plates  circular,  milk-white  colo4 
nies  are  developed ;  these  have  a  faint  aromatic  odor  and  are  cupped  upoa] 
the  upper  surface ;  they  resemble  drops  of  mucus  alx>ut  the  size  of  a  pin's  head. 
Ill  stick  cultures  in  gelatin  a  nail-like  gin>wth,  like  that  of  Friedlander's  bacil- 
lus, is  seen,  ami  there  is  a  formation  of  gas. 

Stains  with  the  usual  aniline  colors,  but  not  by  Gram's  method. 

Pathogenesis. — -Wliite  mice  and  field  mice  die  from  general  infection  in 
from  thirty -six  to  forty-eight  hours  after  inoculation;  they  also  suffer  from 
conjunctivitis.     Not  pathogenic  for  rabbits  or  for  pigeons. 


151.   BACILLUS  PYOGENES  SOLI. 

Obtained  by  Bolton  from  garden  earth  by  inoculation  into  a  rat.  Found 
inaSfSOciation  with  the  tetanus  Imcillus  in  pus  fnnu  the   imx^ulatiou  wound.! 

Jlfor^j/m/of/^,— Closely  ifsfinblcs  thn  luu-illus  of  diphtheria.     "  It  present*) 
the  same  irregularities  of  shape,  and  the  transverse,  unstained  clear   siNices^ 
in  stained   pn'piiraliun.s,  ii.s  (he  diphtheria  bacillus.     The  individual  bacilli 
vary  greatly  in  length  and  thickness,  and  many  of  them  are  bent  and  nar- 
rower through  the  nnddle  than  at  the  poles." 

Stains  readily  with  the  usual  aniline  colors,  but  takes  the  stain  irregularly, 
sometimes  showing  deeply  stained  spots  which  may  be  perfectly  round.  Does 
not  stain  by  (Tnun's  nieLhod. 

Biologifiil  Clntr(tcfer>t.—Au  aerobic  and  faeiiltative  ariaerobic,  non- 
liqueflfittt^,  iton-inotilf  bacillus.  Spore  formation  not  observed  with  i^i^ 
tamty  -highly  i-efra^'tive  ovoid  bodies  are  soinetinies  met  with,  but  thotwdo 
not  seem  to  Ixi  Hjjiecially  i-esistjiut  tt>  heat.  In  gtlafin  roll  tul>es  verj*  small, 
spbericjil  colonies  are  developed,  which  under  a  low  power  are  seen  to  hi» 
linely  granular  and  U>  have  a  lemon-yellow  color.  Grows  best  in  a  slightly 
acid  medium — very  slowly  at  the  ifiom  temperature.  In  gelatin  stick  cul- 
turvs  isolatt-d  colonies  ai-e  formed  along  the  line  of  puncture.  Scanty  growth 
on  potato  >>v  blood  scrum.  Bolton  says:  "  I  have  raroly  succeeded  in  getting 
a  growtii  in  agai-." 

PatliOjfenesis. — Subcutaneous  inoculations  in  rats,  gray  mice,  rabbits, 
and  usually  in  white  mice  produce  an  abscess  at  the  point  "of  inoculation. 
Injet^tions  mlo  the  e^ir  veins  of  rabbits  sometimes  give  rise  Ui  multiple  ab- 
scesses, esp«*cially  in  tlie  joints  and  kidneys.  "  The  abscesses  following  sub- 
cutaneous inoculatiou  form  very  quickly,  within  twenty-fom*  hours,  and  nin 
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a  longer  or  shorter  course,  from  forty -eight  hours  to  eight  or  ten  days,  in 
dii'ect  proportion  to  the  amount  of  the  culture  tntrtKlucea.  The  animals  do 
not  seem  to  suffer  any  inconvenience,  as  a  rule,  and  aft«p  the  abscess  is 
opened  suppuration  ceases.  The  orjfanism  is  found  aggregsited  in  small  and 
large,  irregular  clumps  in  the  pus,  many  of  ihem  lying  in  the  pus  corpuscles. 
It  seems  to  form  metastiitic  abscesses  only  under  excopttonal  circunislauces, 
such  as  when  injected  dii-ectly  intrj  the  bkiod.  Otherwise  the  abscess  i-emains 
strictly  confined  to  the  seat  of  inoculation  in  i-abbits,  white  rats,  and  gray 
mice. 

152.   BACILLUS  VENENOSU8. 

Obtained  by  Vaughan  from  water. 

Morphology. — Bacilli  with  nmnded  ends,  two  to  four  times  as  long  as 
broad. 

Biological  Characters. — An  aSrobic  and  facultative  anaerobic,  non- 
liquefying,  (trtivety  7rtof*7e  bacillus.  Spore  formation  not  mentioned.  Grows 
rapidly  in  the  usual  culture  media  at  the  room  temperature — also  at  38°  C. 
On  gelatin  plotea  small,  white,  splierical  colonies — scunelimes  slightly  yel- 
low; the  sujHjrficial  colonies  are  elevat+^d  above  the  surface  of  the  gelatin. 
In  gelatin  tubes  an  abundant  gn.iwth  cx-curs  along  the  line  of  puncture  and 
slowly  extends  upon  the  surf.<tce.  In  cultures  from  the  spleen  of  an  inocu- 
lated animal  the  gi*owth  upon  the  surface  is  less  marked.  On  agar  a  lliiii, 
white  layer  is  formed.  On  potato  a  light-brown,  moist  growth.  In  recent 
cultures  from  the  spleen  of  an  imjculated  animal  the  grt)wLh  upon  {K>tato 
may  be  invisible.  Grows  abundantly  both  in  Parietti's  solution  and  in  Uf- 
felmann's  gelatin. 

Pathogenemn. —P&ihogenic  for  rats,  mice,  guinea-pigs,  and  rabbits. 
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153.   BACILLUS  VKNENOSCI8  BREVI8. 

Obtained  by  Vaughan  from  water. 

Morphology. — Sh<»rt,  thick  bacilli,  about  twice  as  long  as  broad;  in  old 
cultures  grows  out  into  thi-eads. 

Biological  Chai-acters.— An  aerobic  and  facultative  anaerobic,  non- 
liqnefying.  actively  motile  bacillus.  Spore  formation  not  mentioned. 
Grows  rapidly  in  the  usual  culture  media  at  the  room  lemperature— also  at 
38'  C.  On  g*'latin  pUties  forms  snuill.  round  colonies  with  concentric  rings; 
the  deeper  colonies  are  peiienilly  3'ellowish  or  brown;  the  surface  colonies 
are  elevated  and  spread  but  little.  In  gfhitin  tu hen  grows  along  the  line  of 
punctui-e  and  spreads  slowly  uixui  the  surface,  finally  reaching  the  sides  of 
tlie  tube.  Upon  agar  a  thin,  white  layer  is  formed.  On  potato  a  thick  and 
moist,  light-brown  growth.  Wlien  kept  for  fourteen  days  or  lojiger  at  40  C. 
there  is  an  invisible  growth  upon  potato.  Grows  abundantly  in  Parietti's 
solution  ftTid  slowly  lu  Utfelmann's  gelatin. 

Pathogenegis. — Pathogenic  for  mts,  mice,  guinea-pigs,  and  rabbits. 


154.    BACILLU.S   VENENOSU8   INVISIBILIS. 

Obtained  by  Vaughan  from  water. 

iVorp/io/f)<7y.— A.  slender  bacillus  with  rounded  ends,  from  two  to  four 
times  as  long  as  broad. 

Biological  Charactert*. — An  aerobic  and  facultative  anaerobic,  non- 
tiquefyin{},  motile  bacillus.  Sj)ore  formation  not  mentioned.  Grows  slowly 
in  the  usual  cuUure  media  at  the  room  tenijjeniture— al.so  at  38°  C.  On  gela- 
tin plates  small,  granular,  yellowisli  colonies  hw  developed;  the  superficial 
colonies  are  coarsely  granular  and  very  irregular  in  size  and  outline.  In 
gelatin  tubes  grows  slowly  both  on  the  surface  and  along  the  line  t)f  punc- 
ture; scarcely  visible  at  end  of  three  davs.  On  agar  a  very  thin,  white 
30 
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growth.    On  potato  the  f^-vfth  is  sometimes  invisible;  on  stmie  patetonL 
Rght-bmwii  layer  may  be  developed.    Grows  well  both  in  Parietti  s  solution 

and  iu  Utt'elnutiin'H  gelatin. 

Pathogenesis, — Pathogenic,  but  in  less  degree  tliaii  Bacillus  venenosus. 

155.   BACILLUS  VEyEKOSUS  LIQUEFACIENS. 

Obbiinefl  by  Vaug'han  from  water. 

Morphology. — Bacilli  witli  rounded  ends,  one  and  one-half  to  twice  as 
lonp  as  broad. 

Biological    Characters. — An  aerofnc  and  faritltatire  anaerobic,  lique 
fyiitg.  motile  haciWus.    SiK>re  formation  not  mention wl.     Grows  rapidly  iu 
llie  usuul  cultitre  media  at  the  room  temperature— a Lso  nl  .3S'  C.     f)u  grlntii^ 
plates  the  deep  coioiiiea  are  finely  pniniilar.    spheneai.   and  yellowish  iitl 
color;  sujierficial  colonies  elevated  and  s|)reiid  over  the  surface.     In   g<-latiit\ 
trefteag-rows  abundantly  alonp  the  line  of  puncture  and  spreads  slowly  over* 
the  surface;  liquefaction  commences  in  from  four  to  six  weeks.     On  agar  a 
thin,  white  growth.     On.  potato  a  moist,  light-brown  or  yellowish  growth. 
Wlien  kept  for  fourtceji  dikvn  or  lunger  on  spleen  tissue  it  forms  an  invisible 
growth   on   potato.     Grows  abiindiuitly  both   in   Parietti's  solution  and  in 
UlFelmann's  gelatin. 

PathogenvHin. — Pathogenic  for  mice,  rats,  guinea-pigs,  and  rabbits. 


166.    BACILLUS  AEKOGENES   CAP8ULATU8. 

TTound  by  Wekh  in  the  blood  vessels  of  a  patient  with  thoracic  aneurism 
opening  externally ;  autopsy  made  in  cool  weather  eight  hours  after  death — 
the  vessels  found  full  of  gua  bubbles. 

Morphologij. — Straight  or  slightly  curved  bacilli  with  slightly  rounded 
or  sometimes  square-cut  ends;  a  Httle  thicker  than  Bacillus  anthracLs,  and 
varying  iu  length — average  length  3  to  li  /< ;  h>ug  tlireada  and  chains  are  oc- 
casionally seen.  The  bacilli,  bntli  fi-<.)(n  cultuivs  and  in  tiie  animal  body,  ar« 
enclosed  in  a  Iratisparent  capsule. 

Biological  Cluiracters. — An  anaerobic,  non-jnotile,  non-liqiiefying  ba- 
cillus. Does  not  form  spores.  Grows  in  trie  usual  culture  media,  in  the  ab- 
sence of  oxygen,  at  the  room  temiM^rature,  and  produces  an  abundant  d^ 
velopment  of  gas  in  all.  In  ii utrieiit ytlutiu  thei-e  is  n<>  market!  li<iue faction, 
but  the  gelatin  is  slightly  peptonized.  In  ogitr,  coloiries  are  developed  which 
are  usually  one  to  two  millimetres  in  diameter,  but  may  attain  a  dianieterof 
one  centimetre;  they  are  grayi.sh-white  in  crdor  and  iu  the  form  of  flattened 
spheres,  ovals,  or  irregular  masses,  beset  with  little  projections  or  hait^like 
processes.  Bouillon  is  rendered  dill'usely  cloudy,  with  an  abundant  while 
sediment.  Milk  is  coaj^uUiled  in  one  or  two  days.  The  cultures  iu  agar  and 
bouillon  have  a  faint  odor,  cinnpanible  to  that  of  .st-nle  glue.  XJ'pon  potato  a 
pale  grayish- white  layer  is  <levelo|X'd;  growth  occurs  at  18°  to  20'  C.,  but  is 
much  more  rapid  at  ;J0'  to  .37"  C.  Bouillon  cultures  are  sterilized  by  ex- 
posure to  a  temperature  of  58   C.  for  ten  minutes. 

Piithogeuesis. — ''Quantities  up  to  2.5  cubic  centimetres  of  fresh  bouillon 
cultui-es  were  injected  into  the  circulation  of  rabbits  without  any  apiiarent 
effect,  except  in  one  instance  in  which  a  pi-egnaut  rabbit  was  killed,  by  the 
injection  of  one  cubic  centimetre,  in  twenty -one  houi-s.  If  the  animal  is 
killed  shortly  after  the  injection  the  bacilli  develop  rapidly  after  death,  with 
an  abundant  fimiiation  of  gas  in  the  blood  vessels  and  organs.  esiKrially  tlie 
liver.  At  teniiJeratures  of  18°  to  20  C.  the  vessels,  organs,  and  serous  cavi- 
ties may  be  full  of  gas  in  eighteen  to  twenty  four  hours,  and  at  tempera- 
tures of  30"  to  32"  C.  in  four  to  six  hours,  wliicn  one  cubic  centimetre  of  a 
bouillon  culture  has  been  injected  into  the  circulation  shortly  before  death." 

It  is  suggested  by  Welch  and  Nuttall  that  in  simie  of  the  ca.se«  in 
which  death  nas  been  attributed  to  the  entrance  of  air  into  the  veins,  the  | 
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fouud  at  the  autopsy  may  not  have  been  atmospheric  air,  but  iiiay  have  Iwen 

Srtxhicod  by  tltis  or  some  similar  mici'uOrgau ism. entering^ the  circulation  and 
eveloping'  after  <leath. 
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157.    BACILLUS  OF  CANON  AND  PIELTCKE, 

T'ound  by  Ciiiion  and  PiHirke  0^112)  in  the  bhiod  of  foui-teeii  patients 
wil-li  measles,  ami  sujipnsfMl  Ut  tw  the  eliolojrical  agent  in  this  disease. 

Morphology.  —  Bacilli  varyiii":  tri'fatly  in  Bize;  sometimes  the  lenjrth  is 
equal  to  the  diameter  of  a  n-d  hlood  corpuscle,  others  are  quite  short  and 
resemble  diplococci;  often  united  in  pairs. 

Shiined  by  Canon,  in  bloud  dniwu  fnun  the  finger,  by  the  use  of  the  fol- 
lowing^ Boluti<in:  ConePTttrated  aqueous  solution  of  methylene  blue,  forty 
cubic  centimetre.'^;  one-quarler-per-fpnt  solution  of  eosiain  seventy-per-cent 
alcohol,  twenty  cubic  centimetres;  distilled  water,  forty  cubic  centunetres. 
The  preparations  were  first  placed  in  absolute  alt-oliol  for  five  to  ten  minutes, 
then  placed  in  the  staining  solution  iu  the  incubating  oven  at  37'  C.  from 
six  to  twenty  hours.  Some  of  the  bacilli  do  not  stain  uuiforndy,  bxit  present 
the  api)earance  of  stained  spots  alternating'  with  unstiiined  puriions. 

Siological  Cbaracterti  not  detemiiued.  Docs  not  grow  in  glycerin-agar 
or  in  blood  serum.  In  bouillon  ini>culali'd  witli  blood  from  tbe  finger  or  a 
measles  patient,  bacilli  were  obtained  in  tbive  cultui-es  wliich  resembled  the 
bacillus  found  in  the  blocnJ,  and  which  failed  to  grow  when  transplantt-d  to 
glj'cerin-agar,  blix>d  serum,  or  bouillon.  At  lii-st  the  bouillon  remained 
clear,  with  a  sediment  at  the  btittoin  partly  made  up  of  the  inoculated  blood; 
after  several  days  a  ftnnt  clomiiiu^ss  was  noticed  and  small  llocculi  formed. 
In  these  bouillon  cultures  the  bacilli  had  various  forms  and  dimensions, 
some  of  them  exceeding  in  length  those  found  in  staiiied  preparations  from 
the  blood.  They  apjteired  to  have  a  slight  independent  motion.  The  bacilli 
in  these  bouillon  cultures  did  not  stain  by  Gram's  method.  The  baciUi  re- 
ferred to  were  found  in  the  blowl  prf'parationsin  varying  numbers — some- 
times very  few,  and  at  others  the  first  field  examined  was  crowded.  They 
were  found  during  the  whole  course  of  the  disease,  and  in  one  case  three 
days  after  the  fever  imd  disftppeared.  They  wereialso  found  in  the  secre- 
tions  from  the  nose  and  conjunctiva  of  measles  patients. 

158.    BACILLUS  SANOUINIS    TYPHI. 

Obtained  (1893)  byBrannan  arul  Cheesman  from  the  blood  of  typhus- 
fever  patient-s.  "The  blood,  obtained  under  strict  antiseptic  precautions 
from  the  six  living  patients,  was  streaked  on  sixper-cont  glycerin-agar 
plates,  and  smeared  on  sterilized  cover  glasses  by  Dr.  iirannau  and  brought 
at  once  to  the  laboratory.  The  cover-glass  smears  from  all  the  ca.ses,  being 
dried  at  once  in  the  air,  were  fixed  in  alcoh<d  and  stained  in  Czenzynski's 
solution  for  eighteen  hours  at  room  temperature.  Alth'tugh  all  of  these 
covers  were  examined  thp.>ugliout  with  a  one-sixteenth  homogeneous  iuuner- 
fiion  lens  in  the  most  careful  manner,  in  only  about  one-half  of  tliem  a  few 
blue-stained  bacilli  were  found,  never  more  than  eight  or  ten  on  a  cover." 

Morphology. — Bacilli  with  round  ends,  from  1  to  2.5 /t  long  and  0.5  to 
0.8  u  broad  ;  solitary  or  in  nairs,  and  occasimially  in  chains  containing  six 
to  eight  elements;  often  clun  shajied,  or  ovoid  in  recent  cultures. 

Stains  with  the  usual  aniline  coloi-s  and  by  Gram's  method. 

BioltHjical  Chnrftcters. — An  ai'rnbic  and  facultative  anaerobic,  non- 
motile  bacillus.  Dcjes  not  form  8|Mji-e3.  Does  not  grow  at  a  lower  tempera- 
ture than  27  G.  tirows  best  upon  blood  serum  at  37.5'  C  Upon  glycerin- 
agar  plates  colonies  are  developed  which  at  the  end  of  eighteen  hours  apjjear 
as  iniaute,  bluish-gray,  translucent  sp<its,  the  diatneter  of  which  docs  not 
exceed  0.25  millimetre  ;  later  the  colonies  ap|M?ar  dry  and  scaly,  they 
are  flat,  more  opaque,  and  whiter,  and  do  not  exceed  two  millimetres  in 
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diameter.  Under  a  tow  power  the  rtHient  (*olotues  are  seen  to  be  eranular, 
to  have  a  sinuous  and  sliarply  defined  marg:ia  and  a  pale- brown  color  which 
is  more  intense  at  the  centre  and  in  scattered  points  upon  the  surface.  When 
mag-nified  one  hundred  diameters  the  surface  appears  to  be  coarsely  gfranular, 
and  coarse,  irregular  spiculse  aie  seen  about  the  margin.  In  glyr.nrin-agar 
tubes,  at  37. 5°  C.,  crowth  occurs  upon  the  surface  and  along  the  line  of 
puncture  as  small,  white,  isolated  colonies.     Upon  bimxl-  stTum  &  slightly 

In  milk  a  white  deposit  is 


elevated,  white,  shining 

,  of  the  tube  and  the  milk  undergoes  no  apparent  change. 


^  layer  is  develoj>pd. 
formed  at  the  iKittom    "" 
On  potato  no  visible  CTowth  was  obtained 

Fathogene«is. — "  Incwulatious  of  cultures  of  the  bacillus  obtained  from 
two  of  the  ca.ses  were  made  in  eight  rabbits,  two  guinea-pigs,  and  two  white 
mice.  All  the  animals  showed  initrked  enifw-'iation,  and,  with  the  exception 
ot  two  rabbits,  all  the  animals  experimente<l  upon  died  in  from  tea  to  twenty- 
nine  days.  The  inoculatwl  bacillus  was  obtained  from  the  heart's  blood  of 
two  of  the  rabbits  that  died." 
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Flo.  IS0. 
-Bacillus  gracilia  c«d«T«is,  from  a  gelatin  culture. 


Fto.  too. 
•<  1,000.   From  a  ptaotomlero- 


Fio.  189. 
IjTBpb.    (Strmhery.) 

Fia.  IflO.— B&cillas  ktocUIr;  calonien  io  geUtiu  roll  tub«.,  and  of  forty-eight  hoiin.     x  18.    Frotn 
A  photofcrapb.    <Sti?rDb<*ri;  > 

169.  BACILLUS  QRACiLis  CADAVERis  (Sternberg). 

Obtained  (1889)  from  a  fiiignient  of  liver,  of  man,  kept  for  forty-eight 
liours  in  an  antiseptic  wrapping-. 

MiD'iihoioiJt/. — Bacilli  about  1  ft  broad  and  2  M  long,  assmriated  in  long 
chains. 

Biological  Charttcters. — An  ai'robic  and  fncultatit^  anaerobic,  nnn- 
rnoiiifi,  non-Uqtiefijing  bacillus.  S[K)re  formation  not  obsserved.  In  gelatin 
roll-tubes  the  deeji  colonies  are  opaque  and  spheriwil ;  sujierflcial  coloaiee 
circular  or  slightly  irregular  inoutlme,  white  ui  color,  and  opaque  or  slightly 
transhjcent.  In  gelatin  stick  cultures,  at  22°  C,  at  the  t^ud  of  live  days  a 
rather  thick,  whit.c  mass  at  the  point  of  puncture,  covering  one-third  of  the 
surface,  and  ch)sp|y  crowiled,  o[)an  lie  colonies  at  bollom  of  line  of  puncture, 
with  slender,  bruncliingoutjriiowth  above.  In  nutrient  atjar,  at  the  end  of 
five  days  at  2'i'  C  a  milk-white  growth  ufjon  the  surface  and  opaque 
growth  to  lx>ttora  of  line  of  puncture.  On  potato,  at  end  of  fivo  days  at 
22  C,  rather  thick,  ereaniwliite  growth  with  irregular  margins  alon^  the 
impfstrich,  Ctiltui-es  in  b<:>nillon  have  a  milky  opacity  and  a  very  disagTM 
able  odor.     Gi"ows  in  aqua  coco  without  formaticm  of  gas. 

Pathogenic  for  r;ibbils  when  injected  inUi  the  cavity  of  the  abdutnen. 
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1(J0.    CAPSl'LE   BACILLUS   OF   CHLA.RI. 

Obtaiueil  Uy  Cliiari  <18!)5>  from  a  man  who  died  from  au  ascending  ne- 
phritis, with  fudotai-ditts  and  llnally  nwiihigitis. 

Morphologif. — Bacilli  alKiut  2/*  thick  and  from  3  to  J/^long,  some  aa  lon^ 
as  8  u,  with  itiundf  d  euds,  and  RiirroiiTide*!  by  a  cajisiile. 

BiolugicalCfutracterH.—  riimilar  to  those,  of  Friedlander's  bacillus,  from 
"which  it  IS  dilfV'i-eiiliatol  by  tlie  fnllowiiifir  charaftors;  Cocci-likt'  fonas  less 
numerous;  gruwtli  on  blrx)d  st^rum  less  vifjon>us;  growth  in  Ixiuilloii  not 
so  abundant ;  very  j«itliogeni€  for  rabbits  when  injt^ctwl  into  the  cij-culatiou, 
and  to  mice  when  injectwi  Mib<Tulancousiy.  (Probably  a  pathogenic  variety 
of  Friedlander's  bacillus. — G.  M.  y.) 

IGl.    BACILLUS  OF   HARRIS. 

Obtaine<l  by  Harris  (1893)  from  an  abscess  wall  in  a  case  in  which  death 
occurred  {rovn  a  cerebral  ab.scfSH  coiLsecutiv*'  to  otitis  media. 

Morplwhigy. — Described  by  Harri.s  a.s  "a  dipiococcus  encapsuled,  grow- 
ing'into  ]»a)n>a  rods  and  chatn.s  of  roda,  encapsulated  in  tissues/'  Hods  are 
from  4lo  6/(  lonjf  and  1  /'  broad. 

Biologicitl  Chiintcffrs. — An  aerobic,  non-liquefning  biwillus.  Tlie  Lis- 
ton  gold  medal  of  University  Collegt-,  London,  was  awarded  to  Harris  for 
his  paper  relating  to  (his  bacillus,  which  he  de.scribes  as  "a  new niicroorgan- 
ism  of  sprearfinff  oedema."  Notwithstanding  this  fact,  his  account  of  his 
new  bacillus  is  viTy  iuconiplele.     He  de,scribes  it  as  follows: 

Pninfd. — It  grows  ratiicr  slowly  at  Ifi"  C,  in  sottish,  moist,  dotted  colo- 
nies, which  later  coaU'S4"e,  forming  athinnishlayer  on  the  jjotato.  The  color 
is  somewhat  bntf,  but  after  i'eiieate<l  cultivation  tends  to  fatie  until  a  cnnim- 
coloretl  culture  is  lihtuiuwl.  The  surface,  though  rather  moist,  is  rough  and 
irre^lar.     The  growth  ia  never  e.\tensive  or  thick. 

Agar. — It  grows  in  a  thin  layer,  with  a  tendency  to  apreatl.  The  thick- 
ness of  the  growth  isunerjual  and  the  surface  uneven,  though  t«'nding  to  be 
moist.  The  ctdor  is  cream  in  the  less  transparent  jxtrlions  of  tlie  growth. 
Occasionally,  at  certain  points,  there  is  a  tendency  to  an  indipping  of  the 
growth. 

Gelatin. — It  does  not  li<iuefy.  Same  appearance  ns  on  agar.  The  edge 
of  the  colony  under  a  low  |K>wer  is  seen  to  be  irregularly  nninderl  and  tis- 
mired.  The  growth  seems  to  proceeil  riulially  fmrn  many  j>oints  in  the 
same  ueigiiborhood,  and  hence  the  rounded  and  h>bed  apiiearancv,  not  un- 
like a  thick  .section  of  pancreas.  The  naked-eye  irregularities  i>n  iJie  surface 
art>  evidently  due  to  this  mode  of  growth,  tiider  the  niicrt»sco]M"  there  is, 
in  the  thicker  iKirtions,  a  brownish  tuige. 

Broth. — There  is  Riinie  clouding,  and  a  white,  sandy  deptwit  is  seen  after 
twenty-four  houi-s,  at  a  temperature  of  34 "  C, 

1()2.    CAPSULE   BACILLUS   OF  NICOLAIEK. 

Obtained  by  Nicolaier  (1SS14>  from  pus  contained  in  an  abscess  of  the  kid- 
ney— obtained  jKJSt-mui'teni. 

MorjififiliMji/. — Thick  bacilli,  with  rounded  ends,  usually  four  times  as 
long  as  thick,  and  fi-equently  presenting  irregular  outlines  ;  often  united  in 
pairs,  and  sometimes  growing  out  into  fihinients;  cocci-like  forms  also  occur. 
Often  surrounded  liy  a  cajwule  which  remains  uu.stained  in  stained  prepara- 
tions.    Does  not  stain  by  Gram's  method. 

Biological  Clniractern. — An  aerobic,  ami  fact tlht tire  (tnacrot>ic.  non- 
liquefying,  nOM-mo^//e  bacillus.  Does  not  form  sisjres.  Gi-ows  at  the  room 
temperature  and  more  rapidly  at  37  C.  Upon  gelatin  plates  at  20  C,  at 
the  end  of  twenty-four  to  tliirty-six  houi-s  punctiform  colonies  are  devel- 
oiied,   which  under  a  low  jxiwer  appeai'  tinely  graiiulai',  and  grayish-yellow 
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sphei-es.  At  the  end  of  forty -eipht  to  Mixtv  hours  the  superficial  colouJes  ap- 
pear us  round  or  slightly  in-ogvilar,  grayish- white  discs,  which  project  but  lit- 
tle alx>v»?  the  surfacoi  of  the  gi-littin,  and  have  (hiii,  traiispaitnt  nxargin^. 
The  dei-|>  colunies  liave  a  sliarpl^v  detincil  coulour,  with  dark-brown  ceulre 
and  a  purely  granular  pulebrowu  nmrjjinal  zone.  In  geiafin  stick  cttlttirfji 
a  slightly  elevated,  nunsL-looking,  sticky  ];iyer  with  more  ur  less  transparent 
margins  is  dovelo[)(sl.  In  nldntiiig  ciiiturcn  this  growth  gradually  slips  down 
to  the  lowest  part  of  the  e.v]K)se(i  siii-faee,  le-iiving  a  thin.  gray.  trans|>an-nt 
layer  over  the  gelatin  ;  along  the  Mne  of  puiicturt*  a  ribhon-like,  grajish- 
wfiitt*  growth  ■with  irregular  margins  is  developed.  In  nie<lia  containiug 
glucos*^  .some  gas  huhhles  are  develoued.  The  growth  is  much  more  rapid 
in  the  ineuhating  oven  at  37  C.  anil  thei-e  is  an  abundant  development  of 
gas  in  agar  tubes.  Upon  jHttato  a  grayish-while,  slimy  ma.s8  with  a  shining 
surface  is  quickly  develoi>ed.  In  bouillon,  at  the  end  of  twenty-four  hours, 
at  37'  C  the  medium  is  clouded  throughoiit,  and  a  gi'ayish-whitc  deiKwit  ac- 
cumulates at  the  bottom  of  llic  tube.  Development  occurs  also  in  acid 
media. 

J\ttl>ogenf8iit. — Pathogenic  for  house  mice,  white  mice,  and  for  rata — not 
for  rabbits  or  guuiea-pigs — by  .subcut^uieous  injections.  As  Nicolaier  lias 
made  a  cai-eful  com])arisoii  of  the  eharaelers  of  the  various  "  ca]jsule  bacilli" 
described,  we  (luote  fi'om  him  us  follows  : 

"Our  bacillus  in  its  morphology-  and  growth  in  various  media  closely  re- 
sembles thiit  of  Fa.sehing  and  of  Alwl.  Imth  of  which  were  obtained  in  {latlio- 
logical  products  fi-oiii  man.  It  is  dLstiuguished  from  them  bj' its  iKithogeuic 
action  ujMjn  mire.  White  and  gray  mice  when  infectetl  with  our  baciliiu 
die  from  .septicaemia  mid  show,  in  addition  to  a  serous  e.tudation  at  the  p<>iut 
of  inoenlation,  constant  pathological  chnnttes  in  tlie  kidneys,  which  may  usu- 
ally be  recognized  l>y  a  nuicroscopic  e.\;irtiiiiation.  Also  by  the  spleen,  which 
i.s  not  always  eiihirgeil,  and  the  liver,  which  only  in  a  few  cas«-s  showed  any 
microscopic  changes.  In  mice  in<K-ulated  with  the  bacillus  of  Fa-sching,  or 
that  of  Abel,  which  <lied  nf  .sejiticicmia,  there  was  constantly  seen  an  en- 
largement (tf  llie  spleen  (Fasi'hiug,  Abel)  and  of  the  liver  (Abel),  and  a 
cloudy  swelling  of  the  liver  and  kidn<'ys  <.\.l>el)  which  «mr  mice  failed  to 
show.  The  imtewseojiic  mid  niientscopie  cliarige.s  which  Ave  found  in  the 
kidneys-  in  mice,  and  also  in  some  ca-ses  in  tin-  liver  and  spleen,  were  not  ob- 
served by  Fa.si-hiiigor  by  Abel.  Rfceuilv  Paulsen  has  (Jeserilied  a<'a]>sule  l«a- 
<-illus  fr<>m  atroidiic  rhinitis,  and  Marcliand  a  capsub'  bacillus — not  further 
di'.scribed— which  he  iilxtiiined  in  gi-eat  numbers  from  the  exudate  in  a  case 
of  liibiir  pneumonia.  Both  apjieur  to  lie  \cry  similar  to  Fa-scliing's  bacillus. 
They  are  pathogenic  for  mice,  but  do  not  cause  the  changes  in  the  kidneyu 
which  we  have  descnbeil.  Tbe.se  c-ajisule  bacilli  are  thi'i'efore  not  identical 
wilh  ours.  Marcliand's  bacillus  is  further  ilislingui.sbed  bv  the  fact  that  it  is 
jiathotfcnic  for  guinea-piirs-  .  .  .  The  Kacillus  of  Kockel  is  distingnishe<l 
from  ours  ljy  the  following  characters;  it  forms  upon  the  surface  of  gelatin, 
as  well  as  in  stick  cuHui-es,  highly  elcvaU-d,  button  like  colonies,  while  our 
bacillus  grows  more  in  tlat  and  broad  layers.  It  also  lacks  the  semi-IUiid 
chara<:ter  of  gi-owtli  n]nin  slanting  agar,  which  distinguishes  our  bacillus. 
and  as  a  result  of  which  the  growth  slips  down  to  the  lowest  jioiuton  the 
slanting  surface  ;  furtlu'r  it  forms  upon  potato  a  yellowish  laver,  while  <inr» 
is  grayish-white  ;  and  it  does  not  grow  in  acid  media.  Finally,  it  in  jMitho- 
gentc  for  rabbits  by  intravenous  injection,  while  ours  is  not." 

163.   BACILLUS  MUC08U8  OZJESJE. 

Obtained  bv  Al»el  (lRit3>fitim  cases  of  OKcna  simplex  (rhinitis  atmphicnns 
fcetitia).  As  tiiis  bacillus  apjiears  to  correspond  in  its  morphological  and  bio- 
logical characters  wilh  the  cajwule  bucillus  alKive  descrilM>d  (No.  162)  we 
shall  not  reijeat  this  de.si-hption,  hut  quote  from  Alxd,  as  follows  : 

*'This  bacillus,  found  in  the  secretion  from  cases  of  oxsena,  as  thode* 
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st-ription  we  have  gf'^^i  shows,  closely  i-esembles  Friedlanders  pneumo- 
bacillus.  It  Ls  dLstinguislietl  from  it  by  certain  consUint  clieiracters.  The 
ozivnu  bacillus  forms  in  cultures  a  moi-e  fluid  mass  than  Friedliinders.  As 
are,sult  of  this  it  does  not  form  the  eharHctt^ristic  nail-heatl  oultuif,  but 
spreadK  out  over  the  surface  of  the  g'elatin.  Upon  slanting  gelatin  cidtures 
the  growth  si ii>H  doMTi  to  the  lowest  point.  In  old  cultni-es  it  never  shows  a 
brown  coloring  of  the  culture  medium.  It  never  forma  ga.s  on  i>otato,  and 
in  amr  and  gelatin  cultuj'e.s  but  little  gas  is  developed.  Mire  always  huc- 
cumb  to BubcutaiieouK  iiuH-ulatious,  while  Frieillanaer's  bacillus  does  not 
kill  mice.  Iutrai>eritoneal  infection  of  guinea-pigs  with  the  oza^na  ba4Hllus 
always  causes  their  death.  Friodluiider\s  lKicill«.s  only  killed  about  half  the 
guiuea-pigs  incK'ulate<l  in  the  cjivitv  of  the  uhdoinen.  Finally,  Friedlander's 
bacillu8  has  a  greater  teiidfiicy  to  cocci-like  forms.  The  re.seiiil)lance  to 
PfeiHers  caitsuTe  huc-illus  is  eio.ser.  But  the  tenacious  layer  describ<'d  by 
Pfeitfer  a.s  found  upon  the  intestinal  coils  and  the  lungs  in  mice,  aud  the 
sticky  ei>ndition  of  the  biotnl  and  ti.ssue  juices  (fudeuzieiiende)  are  want- 
ing. '  The  reaction  at  the  iioint  of  inoculation  in  mice  is  also  much  more 
pi-onounced  with  ray  bacillus." 

It  seems  e.xtremely  prctbable  that  this  bacillus, the  Bacillus  capsulatus  mu- 
coBus  of  Fawching.  ajid  the  above-de.scrilted  capsule  bacillus  of  Nicolaier 
are  simply  pathogenic  varieties  of  one  aud  the  some  bacillus. 


]«4.    CAPSULE  BACILLUS   OP  VON   DUNGERN. 

Obtained  by  von  Dungerii  U8S)3),  post  mortem,  from  a  new-born  child 
which  diwl  of  hemorrhagilc  septicemia — infection  1hi"ough  umbilicus. 

Morphology. — A  short,  thick  bacillus,  from  1  to  2  /i  long  and  half  as 
broati,  surrounded  by  a  cap-sule  wliicli  is  slightly  stained  by  gentian  violet — 
beat  seen  in  the  IkmIv  <\{  infected  mice;  sivmetimes  seen  in  paii-s  or  in  chains 
of  four  elcmetils;  also  grows  out  into  lilaments,  especially  in  bouillon. 
Uptm  (MJtato  usu;dly  only  small  spherical  element,s,  re.sembling  micrrwocci, 
are  seen.     D«ws  not  -stain  by  (Jram's  meth«Kl. 

Biological  Characters. — An  aerobic  and  facultative  anaerobic,  non- 
motile,  non-liqiu- fifing  bacillus.  Does  not  form  sportw.  Coagulates  milk. 
In  which  it  causes  ai»  abundant  development  of  gas  at  .18"  C.  Has  feeble 
indol  reiwnion.  Grows  well  at  t-ihiiti  temperature,  moi-e  rapidly  in  incubator. 
UiKin  gelatin  plntes  the  deep  colonies  at  end  of  twelve  linnrs  are  the  sizeof  a 
pin's  head,  tinelv  granular,  spherical,  and  sharply  defined.  UfMUi  the  sur- 
face, porcelaiii-hke,  elevated,  white  colonies  are  developed,  which  in  two  or 
three  days  attain  the  sizeof  lentils.  In  gelatin  atick  crf/furea  develoimieut 
occurs  all  along  the  line  of  puudure,  fnM|ueutly  with  formation  of  g:is  bub- 
bles. Upon  rtf/'ir  a  thick,  softlayer  of  a  white  color  is  develoired.  In  iMiniii- 
lon,  at  iVti"  C.  there  is  c<msiderable  development  of  gas.  Upon  potato  the 
growth  is  very  atKiridant.  of  a  pale  vellowish-white  color,  thick,  soft,  s<ime- 
■wliat  sticky,  and  litb'tl  with  gas  Imbldes.  A  great  p(»rt ion  of  the  surface  is 
eoverexl  by  this  growth  at  the  end  of  twenty-fuur  Imiirs,  even  at  the  r<jom 
temj)eratuiv.  These  cultui-es  give  otf  a  i>eculiar  odor,  sonietitiics  aromatic- 
foetid  and  stimetimea  ri'calling  that  of  fn\sh  bread.  K<'imH  of  the  cultures  on 
potato  .soon  become  crejim-like  in  consistence.  At  fii-st  they  have  an  alkaline 
and  laler  an  aeid  rnaction,  when  they  have  the  <Klor  of  acetic  acid. 

I'lithitgeneMift. — Very  pathogenic  for  white  mice.  The  bacilli  are  found 
in  the  Idoud  and  in  all  fhe  organs  in  enoriuons  numbers.  At  the  point  of 
inttculation  there  is  frequently  a  hemorrhagic  tedema.  The  spleen  is  gr«'atly 
enlargecl.  Also  jyathogenic  for  guintapigs  when  injected  into  the  cavity  of 
the  abdomen — less  pathogenic  for  rabbits. 

According  to  von  L>ungern,  this  bacillus  can  not  be  distinguished  by  ita 
morphological  and  biological  characters  from  Friedlander's  bacillus.  Bacil- 
lus cajisulatus  of  Pfeitfer,  or  Bacillus  canalis  ca]>sulatus  of  Mori.  But  it  is 
distinguished  from  these  by  greater  virulence,  especially  for  rabbits,  and  by 
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thefactUiatit  frequently  gives  rise  to  hemorrhagic  extravasations  in  inocu- 
latetl  animals,  lu  our  opinion  tho  charactei-s  given  do  not  justify  the  view 
that  this  bacillus  is  a  distinct  species  from  tho  bacilli  above  mentioned. 

166.   BACILLUS  OF  BUNZL-FKDERN. 

Obtained  by  Bunzl-Fedem  (1892)  from  the  sputum  of  a  patient  suffering 
from  pneumonia — by  inoculation  into  the  subcutaneous  tissues  of  a  rabbit. 

Morpholog!/. — Bouillon  cultures  consist  mostly  of  "diplocoooi"  and' 
short  bacilh,  out  ujxm  a<jar  slender  bacilli  and  ion^filaments  are  coniniouiy 
developed.  In  the  blood  of  infected  animals  it  also  varies  in  its  morphology. 
In  tlie  oltMHl  of  rabbits  and  g-uinea-pigs  it  appears  as  short,  toleraoly  thick 
rods,  which  freiiuently  show  j)olar  staining  and  resemble  diplococci.  In 
the  blood  of  white  mice  the  bacilli  are  of  the  same  thickness  but  lonsrer — 
often  twice  as  long^  as  in  rabbits.  Does  not  stain  by  Grain's  methcxl  and  is 
"without  a  ca|j8ule. 

Biological  Characters. — An  aerobic  and  facultative  anaerobic,  uon- 
liquefifing,  non-motile  bacillus.  Does  not  form  spores.  In  gelatin  stick 
cidtureH  no  growth  is  observed  for  several  days.  At  the  end  of  eigljt  days  a 
thin,  g^niyish- white  layer  with  irri'g'ular  margins  is  developed,  and  ciis<-?Tte, 
punctiforui,  grayish-white  colonies  are  seen  along  the  line  of  puncture.  In 
bottilloH^  a  uniform  clouding  of  the  medium  occurs  within  twenty-four 
hours,  and  later  a  ring-formetl  mycoderma  is  seen  upon  the  surface  around 
the  walls  of  the  test  tube.  After  some  days  the  bouillon  becomes  transparent 
and  a  slimy  deposit  remain.s  at  the  bottom,  which  is  coarsely  gi-anular  or 
lumpy. 

UiHui  agar,  at  37°  C.  a  soft,  shining  layer  is  formed  at  the  end  of  twentv- 
four  fiout's:  tlii.H  consists  of  fine  drop,  which  are  colorless  bv  reflected  liglit 
and  grayish-whit©  hj  transmitted  light.  Usually  these  little  dro|>8  do  not 
run  together.  In  milk,  development  occurs  without  coa^lation  or  produc- 
tion of  acid.    Does  not  grow  on  jx  itato. 

Pathogenesis. — Pathogenic  for  rabbits,  guinea-jfigs,  white  mice,  and  pig- 
eons. Subcutaneous  injections  of  0.4  to  1  cubic  centimetre  of  a  recent  bouil- 
lon culture  give  ruse  to  sejittcjemia  and  death — in  rabbits  from  twelve  houn 
to  three  days,  in  guinea-pigs  in  from  two  to  four  daj's. 

166.   BACILLUS  OF  BUBONIC  PLAOUK  (Kitasato). 

Discovered  by  Kitaaato  (1894)  in  the  blood  of  living  patieuts,  and 
in  the  buboes,  blood,  and  organs  of  those  who  had  recently  died  fromi 
the  infectious  malady  known  as  biiboiiic  plague.     Kitasato  was  sent  i 
to  Hong-Kong  by  the  Japanese  Government  for  the  purpose  of  inves- 
tigating this  disease.     According  to  Lowson  the  bacilH  are  found  in 
the  ffEces,  in  the  contents  of  tho  bulwes,  and  in  the  blood. 

Morphology. — In  his  preliminary  note,  Kitasato  described  the 
plague  bacilli  as  "rmls  with  rounded  ends,"  which  are  readily 
stained  by  the  ordinary  aniline  dyes,  the  poles  being  stained  darker 
than  the  inithlle  part,  especially  in  bkxid  preparations,  and  present- 
ing a  capsule  sometimes  well  marked,  sometimes  indistinct. 

Yersin,  who  was  sent  by  the  French  Government  to  study  the 
bubonic  plague  at  Hong-Koug,  arrived  in  that  city  on  the  15th 
June,  ISfi-l.  He  describes  the  bacillus  found  in  the  contents  of 
buboes  as  being  short  and  thick,  with  rounded  ends,  staining  eaeil] 
with  the  aniline  colors,  but  not  by  Gram's  method.     "  The  extremities'' 
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stain  more  intensely  than  tiie  centre,  so  that  they  often  present  a 
clear  space  in  the  niiddlt'-  Sometimes  the  bacilli  appear  to  be  sur- 
rounded b^'  a  cajisule.  ...  In  bouillon  the  bacillus  has  a  very  char- 
acteristic appearance,  resembling  tlie  cultures  of  the  streptococcus  of 
erysijjelas — a  clear  liquid  with  grumous  de{)08its  on  the  walls  aad  at 
the  bottom  of  the  tube.  These  cultures  examined  under  the  micro- 
scope show  veritable  chains  of  short  bacilli,  presenting  in  places  a 
considerable  spherical  enlargement." 

Biological  Characters. — We  quote  from  Kitasato's  preliminary 
report  as  follows : 

Thp  bacilli  show  very  little  movement,  atnl  tliose  grown  iu  the  incubator, 
in  l)eef-lfa.  make  tlic  medium  somewhat  cloudy,  The  growth  of  the  bacilli  is 
strouEK'-st  oil  blooil  serum  at  the  normal  t'Pmpeiratuif."  of  the  human  bo<iv 
(34"  C^V;  under  tliese  conditions  they  dev6h>p  luxuriantly  and  form  a  col- 
ony moist  in  consLstenee  and  of  a  vellowish-gray  color;  they  do  not  liquefy 
the  serum.  On  agar-agar  jelly  (the  best  is  gooci  glycerin  agari  they  also 
grow  freely.  The  tlitferent  colonies  are  of  a  whitiali-gray  color  and  by  re- 
flected light  have  a  bluish  appearance ;  under  the  mtcroseo|)e  they  appear 
moist  and  in  rounded  patches  with  uneven  edge«  ;  at  tii-st  they  apjK'ar  every- 
when' as  if  piled  up  with  "gla.ss-wonl,"  later  as  if  having  dense,  large  cen- 
tres. If  a  cover-glass  preparation  is  matle  fi«m  a  cultivation  on  agar-agar, 
and,  after  having  been  .stained,  is  observed  under  the  miero.scope,  lon^ 
threads  of  bacilli  are  seen,  wliieh  might,  by  careless  inspection,  be  mistaken 
for  a  coci'us  ch.ain.but  are  recognixeu  with  certainty  as  "  threads  of  bacilli" 
under  ch>ser  observation.  The  giTiwtli  on  agar-gelatin  is  similar  (ji  that,  on 
agar-agar  ;  in  a  puncture  cultivation  at  the  ordinary  tenii>erature  after  a  few 
daj's  tney  are  found  gn>wttig  as  a  tine  duMt  in  little  ^wiiit'*  alongside  the 
puncture,  hut  with  very  little  growth  on  the  surface.  Whether  tlieae  ba- 
cilli are  able  to  liquefy  ordinary  gelatin  or  not  I  am  at  pi'esent  unable  to  de- 
cide, as  tlie  temperature  of  Hong-Kong  ranges  so  high  that  the  eniploynient 
of  simple  nutritive  gelatin  is  out  of  the  ijuestion.  I  shall  give  furtfier  infor- 
mation on  this  <iuestion  hib^r.  On  potatoes  at  a  temperature  of  from  28° 
to  30  C,  there  was  no  growth  after  leu  dayn'  observation,  but  at  a  temiiera- 
tun?  of  37  C.  the  bacilli  developed  sparingly  after  a  few  davs ;  tlie  growth 
wa.s  whiti.sh-gray  in  color  and  cx.siccated.  As  mentioned  before,  the  bacilli 
grt)W  be.st  at  a  temperature  of  from  S8  to  .'iO  C  ;  at  how  low  a  tejnijcr.iture 
grtjwth  is  po.ssible  I  am  unablt-  at  present  to  state.  So  far  I  have  been  un- 
able to  observe  the  formation  of  siwres. 

Eupennu'ttts  on  Atiimuh. — Mice,  rata,  guinea-pigs,  and  rabbits  are  sus- 
oeptibre  to  inosculation.  If  the.se  animals  are  inoculati'd  with  pure  culti- 
mi^ous,  or  with  the  blood  <>f  a  plague  iiatient  in  which  the  hai-illi  have  been 
observed,  or  with  the  contents  of  a  buoo.  or  with  pieces  c»f  internal  organs, 
or  even  with  the  contents  of  the  intestine,  they  begin  to  become  ill  in  from 
one  to  two  days,  a«Tordinc  to  the  size  of  the  animal.  Their  eves  become  wa- 
tery, they  begin  to  show  uisinclination  for  anj'  effort,  later  they  avoid  their 
footl,  and  ii'ulf  quietly  in  a  corner  of  the  cage.  The  temperature  ri.ses  lo 
41.5  C,  and  with  con\nilsive  sA-mptoms  they  die  in  frcmi  two  to  Hve  daj's.  I 
must  observe  that  in  Hong-l^ong  I  coula  onlv  obtain  small  guinea-pigs 
(weight  fi*om  one  hundred  to  erne  lnindrf>d  ancl  fifty  grammes)  and  small 
rabbits  (from  two  hundred  to  two  hundred  and  fifty  grammes).  If  I  could 
have  experimented  upr>n  larger  animals  it  is  possible  that  life  would  have 
bf*en  prolonged  somewhat  lieyond  the  j)erioda  mentioned  above.  The  parts 
around  the  point  of  inoculaliem  are  infiUrafe<l  with  a  reddish  gelatinous 
exudation,  the  spleen  is  eidarged,  sometimes  there  is  a  swelling  of  the  lym- 
phatic glands,  and  in  all  tlie  organs  the  bacilli  are  found.     The  results  found 
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after  deatli  in  animals  ara  verj' similar  to  tliuse  found  in  anthrax  and  in 
cpdeuia  niulig'num.  Pigeons  do  not  a|)peai"  to  l)e  susceptible  to  the  infiueno** 
of  the  bacilli.  I  niad«  wxtKM'iiueiita  by  fewluig  some  mice  and  CTiinea-pigs 
with  jmre  cultivations  of  the  batnllus  and  with  .small  jm-ces  of  the  inteznal 
orgunji :  the  result  was,  such  auiIllal^^  perished  iu  n.  few  days  under  the  same 
sympttmis  as  those  which  haA  bet'u  inoculaU-d.  In  all  the  internal  orjrans 
of  animals  so  destroyi-d  I  found  the  bafilli  With  the  dust  of  dwelling- 
houses  from  which  the  plag-ue-stricken  had  been  removed,  I  made  >n-y- 
eral  experiments  upon  animals.  Some  of  tin'  anintal»<  died  from  totanu.s. 
Ill  oneca.se  only  a  ^'uiiifa-pijc;  died  with  plag'ue  syiuptom.s,  and  in  this  ani- 
mal the  same  bacilli  weit-  found  in  the  internal  orjnms  as  in  those  of 
ptaf^ue  imtieuts  who  hiwl  succiimlwd.  These  exjveriments  with  the  dust  from 
irifwted  houses  I  sli«tl  certainly  continue,  Many  ral.s  and  mice  at  pre»»nt 
die  spontaneously  in  Hong-Kong'.  I  examined  some  of  them.  In  the  inter- 
nal organa  of  a  timu.se  1  discovered  the  Hame  bacilli. 

Experiments  with  Dvmrvnfiuii, — The  contents  of  a  bulw  in  which  the 
bacilli  Wei-e  pi-esent  in  great  mimlwi-s  were  wi])ed  over  cover  glasses  (per- 
fet'tlv  clean.sed  by  lu»at  and  alcohol  i,  and  some  of  these  cover-glasses  were 
dried  in  the  air  of  a  room  at  a  temperature  ranging  fronj  28  to  30  C.  Oth- 
ers I  exjiosetl  directly  to  thesun's  rays,  ami  from  among  them,  after  an  expo- 
Buiv  of  from  one,  two,  and  three  hour.s  up  to  .sis  days,  1  removed  some  parts, 
putting  aufli  jHJrtions  in  beef -lea  and  plticing  them  iu  the  incubator.  Those 
which  had  been  standing  in  tlie  i"oom  from  one  to  thirty -six  hours  showed  a 
pretty  good  growth  in  the  iuciibator,  hut  those  which  had  been  in  the  room 
for  more  than  four  da.^s  were  unabh-  to  show  any  growth  even  after  one 
wei.'k"s  irirubiaioii.  Those  exiwsed  directly  to  the  suii  were  all  destroyed  after 
fj'iiiii  thife  to  four  hours.  Further  culti'vutions  on  scrum  weiv  treated 
exactly  like  (be  CLmtenls  of  the  bubo  with  very  .similar  i-esults. 

Kxpfriineiitx  wiih  Heat. — Beef-tea  cultivations  which  had  been  heated 
for  thirty  minulca  ni  u  wat<'r  bath  u|»  to  SO  C.  were  destroyed;  at  100'  C,  in 
the  vajjor  apparatus  they  were  desti-oyed  in  a  few  minutes. 

Yersin  reports  that  when  fragments  of  the  spleen  or  liver  of 
animals  which  have  died  of  the  plague  are  fed  to  rats  and  mice  they 
usimlly  hecome  infected  and  die,  and  the  bacillus  is  found  in  their 
organn,  lymphatic  glands,  and  blowl.  He  alsodonionstrated  the  pres- 
ence of  the  bacilli  in  dead  rats  found  in  the  liousea  or  streets  of 
Hong-Kong. 

167,   BACILLUS  PISCICIDUS    AOILIS  (Sieber). 

Discoveretl  by  Sieber  {1895)  in  infected  fish,  which  dietl  of  an  epidemic 
disease  in  the  laboratory  of  P»r)fe.ssr>r  Nencki,  at  St,  Petersburg. 

3fon>/;of<>ri;/.— Short  bacilli,  often  united  in  paii-s. 

Biohiffical  Characters. — An  iterobic  anA  facuUatire  ana'rrohic,  motHe, 
li<piefijiiig  bacillus.  In  old  cultures  in  bouillon  spores  aw*  develo|M^. 
Grosvs  at  tein|M^ratures  of  from  12  to  .'57.5  C.  Thermal  de.<ith  point,  f><J  to 
65^  C  On  iffltifiii  and  ttffar  platen  forms  granular,  grajnsli,  or  yellowiali 
colonies,  which  appear  to  be  made  up  of  (lirt?e  concentric  rings — the  outer  one 
having  a  jagged  outline.  Gas  is  developed  during  the  growth  of  the  bm-illus 
— cai-lxin  dioxide  and  methyl  merecaptan  in  small  amount.  Ujion  jnttnto  it 
forms  yellowish-brtiwn,  |)«'ai-l  -  like  colonies.  Causes  coagulation  of  milk. 
Ketain.s  its  vitality  and  virulence  for  months  in  well  or  river  water. 

Pathoyen^Ktii. — Pathogenic  for  fish,  frogs,  guinea-pigs,  rabbits,  mice, 
and  dogs  fnot  for  ljir<l8).  Old  eultui-es  are  more  pathogenic  than  recent 
ones,  and  g»*latin  cultuws  are  the  most  active.  Frogs  ai'e  killed  in  half  an 
hour  by  0.1  cubic  centimetj-e  of  a  bovilllon  cultur-e  six  days  old.  Filtered 
cultures  are  as  toxic  as  those  containing  the  living  bacillus ;  tliey  give  with 
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iron  chloride  a  chai-actei-istic  color  reaction — an  intfusi"  i-eU  t-olnr.  Sieber 
hag  obtaine<l  ftHini  his  cultures  an  extremely  ttixic  alkaloid  in  the  form  of  a 
hydrochlorate.  Two  litres  of  filter^nl  fulturt>  gave  0.1  (;i'anitnc  of  tht>i  salt. 
An  aqm'oiis  eolution  of  this  killed  a  Img  in  fifteen  minutes  in  the  dose  of 
0.0035  gramme. 

168.    BACILLUS   OF   MKRESHKOW8KY. 

Obtaiiifd  by  Mereshkowsky  (1894)  from  infected  animals  fSpermophihia 
miisieus)  wliit'ii  dii'<l  from  an  eiuilcniic  iiialadv  dpvelopp*!  iu  liis  lahiiralory. 

Morpholony. — CIosijIv  rfsenihles  LittTtcr's  Bacillnn  t^fjihi  murinm. 

Bioloi/iciil  Characterit.^Au  aerofnc,  mutih',  )itin-liqnefyi7i(f  bacillus. 
Spore  formal  ion  ni>t  observed.  Gi-ows  iu  the  usual  cuilun.-  un/dia  at  the 
room  temiH-ratui-o  — bi\*(tat  .'17.5''  C  In  bouillon,  at  Ibe  cud  of  tux-nty-four 
houi-s,  the  meilium  is  clouded  and  a  white  pellirlfi  is  seen  upon  tlio  surface, 
which  bn-aks  up  intosnuili  tlocculi  and  falls  Ui  the  Iwttom  when  the  tul>e 
ia  .slightly  shakeu.  On  pjlatin  pbitca  ininulc,  sliglitlv  ffrauular,  pale-brown 
coloni'S  may  bo  .seen,  under  a  luw  jiower  at  thoentf  of  twenty-four  hours; 
on  thos'cond  tlay  these  ave  visibln  ns  while  s]>heres,  which  under  tlie  inicm- 
scofK'  have  a  iMvie-bi-owfi  color  and  a  uuht'  or  less  trunsparent,  |H'n[»beral 
zoue.  In  media  cojitainins' triiii'oso  no  jja-s  is  dcvelojK'd.  The  gi-owth  upon 
agar  ami  jhoiato  jiresciiLs  uothirin  chai'aclerisLic. 

PathogettestH. — Pathogenic  for  Ziefielma risen  (S]>ermophilu3  musicus), 
for  Spermophihis  guttatus,  for  squirrels  (Sciuj'us  vidg-aris)  for  Imuso  mice, 
for  Held  mice  (Arvicola  arvali.s).  Not  pathogenic  for  man  orfortlie  ilornes- 
tic  animal.'*  tested,  horse,  swine,  sheep,  fowls.  Mereshkowsky  proposes  to 
u.s'»  cutture.s  of  tlii.'*  hacillu.'*  for  the  extermination  of  field  nuce,  whiek  die  in 
from  one  to  ten  tiay.s  after  beiu]^  fed  upon  bi.seuit  wet  vi'ith  a  bouillon  cul- 
ture. 

169.    BACILLUS  OF  EMMERICH   AND   WEIBEL. 

ObUiined  liy  Enmiericli  and  "Weibel  (1894J  from  infected  trout  iu  ]K>ndg 
belonping- to  an  establi.slmu'ut  for  I'aisiu);  these  fish.  The  disease  appeannl 
as  a  superficial  "  furuncultwis  with  .seciindary  development  of  ab8ces,se.s  con- 
taining bloody  pu."<."  Death  occunvd  in  f i-om  twelve  to  twenty  days.  The 
pustules  and  secoiulary  abscesses  and  blood  from  the  heart  and  vai'ious  or- 
gans contained  bacilh,  wiiich  proved  to  be  the  causeof  the  infeetious  malady. 

3/orpAo/og//.  — Bacilli  aljH nit  Ji-s  ioiijr  ;ts  the  typhoid  bacillus,  but  not  so 
thick,  very  frequently  luiited  in  pairs  ;  occasionally  t;rowsout  into  tilament.s. 

HioUnjicnl  ChanictefS.  — An  aerobic  ami  fttctiltatire  anaerobic,  lit/iie- 
fyiiig,  non-motile  bacillus.  Does  not  form  simres.  Themiat  death  point,60' 
C.  Stains  with  the  usual  aniline  coloi-s  Jmtnotby  G-ram's  method,  (irows 
bestatlU  lo  15'  C  The  rrrowdi  iu  tfclatin  is  (|tiito  characteristic.  At  the 
end  of  two  or  three  days,  in  {/eliitin  plates,  at  the  rot>ni  tem}H'ifituit%  small 
•white  ctdonii'.s  ai-o  developed  ;  iu  four  or  five  days  small  ga.s  bubbles  or  ex- 
cavationa  are  .seen,  at  the  bottom  of  which  lie  the  scale-like  or  i-osetta-formed 
colonies.  The  marjfiu  of  tho  colonies  is  irret^tdar  and  later  jajrped.  At 
first  tho  colonics  are  prayish-whito  or  yellowisli.  later  browni.sh.  The 
•uperfieial  colonies  have  a  jieculiar  lustre.  In  fflnfin-  stick  cultures,  colo- 
nies develop  along  tho  lini.^of  puoctui'p,  which  at  first  i-esemble  the  g-i^wth 
of  Stivptococcns  pyojrencs,  and  no  (h-velyjaiieut  is  seen  on  the  surface.  At 
the  end  of  five  t<i  .seven  days  in  place  of  the  line  of  colonies  is  seen  a  cliannel 
fillet!  with  air.  or  ya-s  developed  by  the  se|)arate  colon ie-s^,  the  bubbles  from 
which  coalesce.  The  funnel  fornu>d  in  this  way  is  somewhat  larjjer  above, 
and  at  the  bottimi  contains  a  whitish  sediment  consisting  of  bacteria  con- 
tained iu  a  few  drops  of  liquefieil  gtdatin.  Ahmg  the  sides  of  the  fuiuiel 
bubble-like  c^ivitics  may  fiv()nently  he  seen,  at  the  bottom  of  which  the  bac- 
teria have  accumulated.  In  bunillon  a  slijrbt  cloudiness  is  seen  near  the 
surface,  on  the  walls  of  the  test  tulxi;  wbeuwli^htly  shaken  this  falls  to  the 
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bottom,  leaving  the  bmiillou  eutlwly  clear.  In  agar-agar  tuljes,  a  veil- 
like  strijw  devolofw  aloiitf  the  line  of  puncture,  aud  a  g'rayish-.yello'w,  moist 
layer,  with  irregular  outlines  uijon  the  surface.  After  some  weeks  this 
acquii-es  a  bi"owri  c()U)r.  No  gi'owth  occurs  upon  potato.  No  development 
occurs  in  the  incubating  oren  at  37    C. 

Pathogenesis. — ^Trnut  became  in fected  ami  died  througli  direct  infection, 
Bulx'utaneous  or  iutrauiuscular  iiit)culation>s,  or  tlirough  the  addition  of  cul- 
tures to  the  water  in  wnich  they  wen'  kept,  or  by  placing  infected  fish  iu  the 
same  tank  witli  healthy  ones. 

iTt).    GAS-FORMING   AEROBIC    BACILLUS  OP   LASER. 

Obtained  by  I^wer  (1832)  from  a  piece  of  liver  and  limg  from  a  calf  which 
died  of  an  iiif<i»ioua  disease. 

Morpholaay — "  Short  bacilli."' 

Biot<){fical  Charactrrs. — An  aerobic  and  facultative  anaerobic,  non- 
liqiu'fi/iiifj,  iiiotile,  gaH-pr<Hlnchig  bafillu.s.  Stains  by  Gram's  method. 
Si>i>re  fnniiation  not  oljserved.  In  gelatin  Htick  cidtures  development  oc- 
curs on  the  surface  in  the  form  of  a  buttfjn-likomass,  and  alou}:^  the  line  of 
punctui'e  colonies  are  formed  which  may  be  sejmiate  below,  'rhe  <*olonies 
in  gelatin  and  agar  plates  ai-e  not  characteristic.  Ui>on  ngtLr,  at  87"  C  a 
Blimy,  moist,  sbinincf  layer  is  develojied  which  covers  the  eiitii-e  surface.  In 
Rtick  cultures  in  gcliitin  or  agar  containing  glucose  an  abundant  develop- 
ment occurs,  attended  with  nn  evolution  of  grus.  In  hotiillun,  in  Ihn  incubat- 
ing oven,  auniforn*  ckiudinessuf  the  cultui-e  medium  i.«i  seen  at  the  end  of 
twenty-four  houre,  and  the  bacilli  g^radually  sink  lo  the  bottnm  of  the  tub<». 
Upon  potato  in  the  incubatinji''  oven,  a  shining,  white  layer  is  develope<l 
over  the  entire  surface ;  on  potato  kept  at  the  room  temperature  a  tlnck. 
gravi-sh-yellow  layer  in  the  muldle,  which  gradually  becomes  more  d(>cide<.lly 
yellow,  while  the  jKitato  ai-onnd  tliis  growth  has  at  first  a  violet  shimmer, 
ajid  Liter  an  intense  viuJet  color. 

PafhogenesiH. — The  limited  number  of  exi»riment.s  made  on  mice,  ral>- 
bits,  and  guinea-pigs  i-t'-sulted  in  the  death  of  some  of  the  animals,  while 


differs  but  little  fror 


others  recovered.     (Thi.«j  appeai-s  to  be  a  bacillus  of  the  colon  group,  which 
im  Biieillus  coli  communis.     G.  M.  8.) 

17L   BACILLUS  OF  BECK. 


Sywmym. — Der  Bacillus  der  Brusl*euche  beim  Kaninchen. 

Obtained  by  Beck  (1892>  from  rabbits  which  died  of  an  infectious  malady 
in  the  Inslitut  fiir  Infecticmskrankheiten,  in  Berlin. 

Mttrijhoiogi/. — Yery  small  ami  slender  bacilli,  ahnut  twice  as  long  and 
twice  as  thick  as  the  iuflueusca  biicilliis  ;  s^imewhatijointedat  the  e.x t rem i ties; 
show  a  tendency  to  grow  out  into  hlanients. 

Biologicat  l%(ir<tc(ers. — An  aerobic  (alrieil  rtoji-limiefjfiHy,  vou-viotile 
baeiltiis.  Spore  formation  not  observed.  Grows  at  tlie  room-temperature 
and  more  vigorously  at  38  C.  Does  not  stain  by  Gram's  method.  Thermal 
death  point,  50'  C.  {five  minutes).  Resists  desiccation,  at  the  room  tempera- 
ture, for  seventeen  days,  at  37'  C.  for  three  days. 

On  gelafin  plates,  at  the  end  of  forty -eight  hours,  small,  finely  granulAr, 
gla.ss-liJKO  colonies  are  develo|>f  d  ;  older  colonies  have  a  pale-brown  appear- 
ance. In  gelatin  stick  cultures  agranular  growth  of  a  white  color  is  seen 
along  the  line  nf  puncture.  Upon  ttgar,  atS7"  C,  an  abundiint  development 
occurs  in  twenty-four  hours.  The  line  of  puncture  seen  from  abt)ve  is  gray- 
ish-white, by  transmitted  light  bhiish  and  por<-elain-like  with  a  bnjwnish 
tint.  On  agar  plates  the  colonies  have  a  yellowish-gray  appearance;  the 
margin  of  the  finely  granular  colonics  is  sharply  defined.  In  agar  cultures 
several  day.n  old  the  coltmies  are  sticky  and  may  be  picked  up  as  a  compact 
mass,  or  drawn  out  into  thn-ads.     In  bouillon,  at  37'  C,  there  i&  a  slight 


cloudiness  at  the  end  of  twenty -four  hours  ;  later  the  bouillon  is  clear  and  a 
white  st'diiiient  is  seen  at  (fi«  hnHarn  <^)f  the  tube.  In  bimillon  cultures 
espe<"iully,  the  baciHus  gn.nvs  out  ititi>  long  liJaiiieut.s. 

Pafhlnfenesii. — From  U.25  to  1  cubic  centiiuftre  of  a  bouillon  culture 
injectwl  into  the  pleural  cavity  of  a  rabbit  caused  a  development  of  all  of 
the  symptoms  of  inJluetiav  (Brustseuehe) — viz.,  elevation  of  tenii»crature  at 
the  end  i>E  livp  or  six  houi-s,  cough,  nu-sal  discharge,  dyspuipa,  suid  death — 
usually  in  from  thrm^  to  tive  days.     Tlu^  autopsy  sliowetl  a  distinct  pleuro- 

Itneuniunta  and  a  nent'ral  blood  infection  by  tht^  bacillus  in  question, 
injections  into  the  cirtMilation  also  g^vi»  rise  to  the  syrii]>toniH  of  influenza, 
uu'ludin;;  paeuiuouia,  and  to  death  at  the  end  of  fniui  ten  to  fourt^^en  days. 
Suhcntaiii'tuw  iujwti«ins  r<'sult«'d  in  the  development  of  an  absce.viantl  of  ex- 
tensive ne<'rosis  of  the  tis.«ues,  but  did  not  cause  a  fjenei'al  bloml  infection. 
Guinea-pigs  were  somewhat  less  susceptible  than  rabbits,  but  injections  into 
the  [)leural  cavity  produced  similar  syuiptonis  and  deatli  at  a  later  date. 
White  mice  and  house  mice,  as  a  result  of  intraperitoneal  iujectioua,  die<l 
within  two  or  three  days  from  general  blood  infection. 


172.  BACILLUS  BOVIS  MORBIFICANS  (Baseuau). 

Obtained  by  Basenau  <18S)3)  from  the  Hesli  of  a  cow,  which  is  supposed  to 
have  dii-Hl  from  j)uer(x;ral  fever  ami  was  condemned  by  the  iusi>ector  at  the 
slauphtcr-hoiwe  in  Amsterdam. 

Morplutltygn. — Shoit  hucilli,  with  rounded  ends,  two  to  two  and  one-half 
time.s  as  long  as  binad,  usually  united  in  pairs.     0.3  U>  {)A  /i  broad. 

Bioloijicitl  Characferfi. — At)  ((fnihic  and  favnlf'ifitv  anaerobic,  non- 
liqueftfing,  ncfivfhj  imtfilc  bacillus.  D<h>h  not  stain  by  Gram's  method. 
Does  not  form  siMtres— is  killed  in  one  minute  by  exiHisuiv  Ut  a  tcmperatuifi 
of  TO'C  Does  not  coji^ulate  milk.  In  nu'dia  contaiuin<r  g-luco.se  cau.ses  a 
nnwlerate  development  of  pas.  CJmws  at  a  temjieratui-e  of  H'  C,  best  in 
incubalinj;' oven  iit  1)7  C.  In  bouiiioii,  at  H"  C,  a  uutfi)rni  clouding  of  the 
medium  occurs  in  twenty-four  hours  ;  iiiler,  a  thin,  RnnH>th  pellicle  forms 
on  the  surface,  this  is  reatlily  broken  up  by  g-entle  iig-itatiou  and  falls  to  the 
bctttum,  where  ag■I^ayish-white  mass  accnmuUites. 

In  gelatin  stick  cultures  a  slender,  yellowish-white  B:''OW^tli  J"  seen  alon^f 
the  line  of  ])iinctuce,  and  :i  white,  thick  hiyer,  with  more  or  less  ii'regrular 
outlines,  is  sluwly  developed  on  the  surface.  In  streak  cultmva  theerowth  is 
like  that  of  the  "colon  bacillus."  U]nij\<'(f/<ir.  at  .17"  C,  attheend  of  twenty- 
four  hmirs,  an  abundant  grayish- white  layer  is  developed.  Upon  jintato  it 
LTi-ows  more  slowly  and  forms  a  soft,  yellow  layer,  which  never  acquires  a 
bi-owu  color. 

Pathogenesi'a. — Causes  a  fatal  infection  in  mice,  white  rats,  puinea-pigs, 
rabbitct,  and  calves.  Mice  and  guinea-pigs  succumb  to  subcutaneous  infec- 
tions, rabbits  to  intra-piiriloneal  infection,  and  calves  tn  iutra))eritoneal  injec- 
tions, or  from  the  injreatiou  of  milk  contjiininji-  the  biirilli.  Yomi^' !J:uineA- 
pigs  maybe  infected  throu^jh  the  mother's  milk.  (This  bacillus  belongs  to 
the  "  c.nloii  group"  and  is  probably  a  jKithogenic  variety  of  Bacillus  coli 
communis. — G.  M.  S.J 

173.  BACILLUS  PisciciDUS  (Fischel  and  Enoch) . 

Obtained  by  Fischel  ami  Enoch  ( lSft2)  from  an  infecte<I  carp. 

Morphaloi/y. — Bacilli  siditary  or  in  chains  of  four  to  live  elements,  1.2 
to  .3/'  long  and  O.'iS  ^'  thi<'k.  Stains  by  the  usual  aniline  ci>l<>i-s  and  by 
Gram's  method. 

Hiological  Clutractfrn. — An  aerobic  &nd  faeultafitfe  anaeroliic,  ittm- 
motilf,  liquefying  bacillus.  Forms  spores.  In  {leUttin  plates  forms  round 
colonies  of  a  pale  yellowish-brown  color,  having  a  slightly  toothed  border 
and  a  granular  surface.     At  the  end  of  twenty-four  hours  a  narrow  zone  of 
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liquefaction  can  he  discerned  around  the  colonies,  and  at  the  end  of  about 
U?n  days  the  gelatin  is  entirely  liquefied.  In  gelatin  stick  cultures  a  scanty 
growth  is  seen  along  the  line  of  inoculation  at  the  end  of  twelve  hours  ;  the 
growth  u[X)u  the  surfwe  is  rapid,  and  liquefaction  commences  at  the  end  of 
twenty-four  hours.  Upon  ayar,  at  37  C  at  the  end  of  eighteen  hours,  a  tliiu 
granular  layer  is  seen,  which  consists  of  small,  pale-gray  colonies.  In  a^ar 
stick  cultures  a  scanty  growth  occurs  alunff  the  line  of  puncture,  which  does 
not  increase  aftertliii-tysix  houfs.  Vpoii  llie  surface  the  growth  is  abundant, 
forming,  at  the  end  of  live  days  a  tolfralily  thick  grayish-white  layer.  No 
CTOWth  occurs  upon  potato  at  the  room  temperature,  but  at  37  C  a  tolera- 
bly thick,  sticky  layer  of  a  gray  is  li- white  color  is  develope<l  in  three  or  four 
days.  In  boniihm,  at  37'  C.,  the  medium  is  clouded  at  the  end  of  twelve 
hours,  and  a  tliin  pellicle  is  seen  upon  the  surface  at  the  end  of  thirty -six 
hours;  this  falls  to  the  bottom  when  the  tube  is  slightly  agitated.  At  tlie 
end  of  four  davH  development  has  cea.<«!d,  and  tlio  buiuUoii  is  again  transpar- 
ent, while  afloiculeiitdewisit  is  seen  at  tliebrtttomof  tliotiibe.  The  bouillon 
gives  off  a  penetrating  otior,  like  that  of  burnt  milk.  Thesame  odor  Ls  given 
off  fi-om  cultures  in  wi'fk;  which  is  peptxinized  by  the  atrtion  of  the  bacillus. 
At  the  end  of  twenty  days,  at  37'  C,  tne  entire  contents  of  the  tube  have  be- 
come transjiarent. 

J^ttfiogeiuisift.  —  Pmduces  a  fatal  infectious  disease  in  fish  ("gold  carp") 
when  inoculated  beueatli  the  skin  ;  also  pathogenic  for  mice  and  for  guinea- 
pigs. 

174.  BACILLU.^  PYOtiENES  piLiPORMis  (Flexnet). 

Obtaineil  by  Fle.xncr  (1S95)  fi-om  the  interior  of  tlie  uterus  and  from  an 
exmlutfl  in  the  pericanlial  and  pleural  cavities,  of  a  rabbit  which  dit«d  on  the 
fifth  (hiy  after  parturition. 

Morphtitogi/. — Pleoniorjihous  cocci-like  forms,  short  or  long  bacilli,  ajid 
lontc  threads  are  seen  in  cover  .slips  j)re|)aj*eil  from  the  e.xmlate.  "Very  few 
of  the  bacilli  stain  regularly  ;  for  the  most  pjirt  brightly  stained  6pot«  appear 
between  stained  ai-eas.  Aii  outer  uiembrune  always  stains,  enclosing  the 
staineil  dots  in  a  colorless  grounil.  The  threads,  as  a  rule,  present  delicate, 
sinuou.s,  and  wavy  outlines ;  the  short  forma  are  straight  with  rf»unded  ends." 

Biologintl  ChorHcters. — All  attempts  lo  cultivate  this  bacillus  in  the 
usual  media,  fither  in  the  presence  of  o.xygen  or  in  an  atmosphere  of  hydro- 
gen, prined  inisuocnssful.  Butsuccessive  cultures  were  madeby  inoculations 
in  the  pleural  cavity  of  rabbit.s — a  bit  of  pleural  exudate  suspended  in  bouil- 
lon waa  used  for  this  purjKwe,  The  bacillus  was  also  prcipagated  upon  the 
lungs,  }»eart,  itterus,  aiul  kidney  of  healthy  rabbits.  The  organs  were  re- 
moved with  gi'eatcajii  to  preveut  contamination  and  placed  in  sterilized  test 
tubes.  Transplantaltoius  from  these  cultures  wei-e  only  successful  for  one  or 
two  generations.  Better  i-esult.s  Avei-o  obtained  by  cultivating  tlie  bacillus 
upon  thrt  one-third  to  oni'-half  grriwii  fu-tUHe.-i  of  rabbits. 

Pathiyfjenesis. — "C'onhider.alile  variations  were  observed  according  as  the 
inoculations  were  made  into  tho  jdeural  cavity,  Ihejieritoneal  cavity,  the  suIh 
cutjLneou.H  tis.sue,  l>enealh  the  duia  mater,  or  directly  into  tlie  circulation. 
The  inoculations  gave  positive  results  in  all  cases  except  a  few,  in  which  they 
were  inado  subcuti*ni;-t>usly.  Tho  death  of  the  animal  occurred  soonest  when 
inoculation  was  made  l>ene.-ith  'he  dura  matrr.  A  small  portion  of  the  skull 
was  IrephiufHl,  can^  being  taken  to  exclude  extraneous  n)icro<>rgani.>vnis.  and 
a  di-ip  of  llie  pleural  Jluid  or  a  speck  of  the  fibrinous  exudate  was  intro«lucfd 
l)eneath  tho  nienibmnt's,  care  being  takt  n  not  1<>  injure  the  brain.  These 
animals,  which  lyuickly  recoven-d  from  the  i  fleets  of  the  oi>eration.  died  on 
an  average  alK) tit  twelve  houi-s  after  the  inoculation.  ... 

"  The  pleural  inoculations  wei-e  followed  by  death,  as  before  stated,  in  ev- 
ery iiisbmce,  the  death  of  the  animal  occurring  upiKi  the  thinl  or  fourth  day. 
The  apijearances  jircsentcd  at  the  autoji,Hy  were  for  the  most  part  an  exact 
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reproduction  of  those  obeervetl  in  the  aiiimnl  which  had  succumbed  to  the 

T)»tural  di.s<'ase.  U|)oii  the  side  of  inoculation  atiiick,  grayisli-yellow,  slianjfry 
uieiiibrane  covered  the  pleural  surfaces,  being  at  times  four  or  five  millime- 
tres Ml  thickness.  Tlie  pleural  cavity  coutained  several  cubic  centimetres  of 
a.  clear  li;i>int>ylobiu-eolope«l  fluid,  the  hiuji^  for  the  most  part  beiiijf  com- 
pressed. Attinn's  smaller  or  lar<rer  areas  of  lobular  pneumonia  would  be 
present:  and,  as  a  rule,  the  inflammation  was  not  limited  to  the  serous  nienj- 
Drane  or  the  sidn  of  inoculation,  but.  extended  into  the  ojiptjsiiii  pleural  cavity 
and  intotbd  ixuicarthal  sac.  However,  in  these  situatmns  the  prewess  was, 
as  a  rule,  less  intense,  the  solid  exudate  Iwing  less  considerable,  and  in  the 
case  of  Uie  opposite  pleural  cavity  sometimes  entirely  wanting.  Thesuper- 
Heial  vesst-ls,  however,  were  injecl«'d  and  the  serous  surfaec  of  the  affected 
membranft  covered  with  a  sliiM.\ ,  clear  fluid.  In  atldition  to  (bis  the  oppo- 
site pleural  cavity  always  contained  a  similar  pink  serum  to  that  described 
upon  the  side  of  inoculation. 

"ThesLudyof  the  exudate  ujwn  the  side  of  inoculation  as  well  as  the 
fluid  contained  in  (he  ojtposite  i)leural  cavity  and  in  the  pericardium  showed 
the  same  organisnis  as  had  been  inttMsduced.'* 
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175.  BACILLUS  ay  unna  and  hodara. 

Obtained  by  Hodara  (1894)  from  the  contents  of  acne  pustules — "  in  enor- 
mous masses  in  the  comedones  of  true  acne," 

Morphtdony. — Small  bacilli,  from  0.3  to  0.7  /'  long  and  0.3  it  thick. 
Whenatainetl,  by  Unna's method,  with  mcthylene-blue-glycerin  ether,  or  with 
methylene-blne-taunin  solution,  they  are  seen  to  be  surrounded  by  a  homo- 
gfeneous,  jelly-like  mass  which  is  stained  pale  violet  by  the  first  method  and 
green  by  the  second.  The  baculli  are  sionietimes  united  in  chains  of  two  or 
three  elements,  and  single  rods  may  present  in  the  middle  an  unstained  aone 
with  deeply  stained  extremities. 
Biuloyical  Charactera. — Not  determineil. 

17C.  PROTEUS  fluorescens  (Jaeger). 

Obtained  by  Jaeger  (1892)  from  the  liver,  spleen,  and  kidneys  of  fatal 
cases  of  infectious  icterus  ("  Weil's  disease'"). 

Morphologif. — A  pleomorphous  bacillus  of  theproteus  group  ;  in  the  same 
culture  cocci-liko  elements,  short  rods  either  straight  or  curved,  and  long 
filaments  are  seen. 

Biological  Characters. — A.u  nerohie  Rn<\faeiiltativ<>  anaerobic,  motile, 
liquefying,  chromogenie  ba<"illus.  Is  not  to  lie  distinguished  from  Proteus 
vulgaris  except  by  tlie  fact  that  it  produces  an  intense  fluoreacent-green  pig- 
ment. Jaeger  says  that  cultures  which  originany  failed  to  licjuef  v  gelatin  and 
f>rotlueed  the  Huoreseent-green  pigment,  at  (he  end  of  two  ancl  a  half  years 
tail  lf>st  the  property  of  producing  pigment  and  ha«l  acnuircil  the  property  of 
liquefying  gelatin,  and  could  not  Iw  distinguished  from  Proteus  vulgaris. 
But  when  these  cultures  were  kept  at  a  lower  temperature  they  gradually 
regaifind  their  former  characters. 

Pathogenesis. — Pathoyfenic  for  mice  and  for  pigeons;  but  the  virulence 
of  cultures  proved  to  be  very  variable, 

177.    MICROCOCCUS  INSECTORUM   (BurriU), 

Obtainetl  by  Burrill  fl883)  from  the  alimentary  canal  of  infected  "  chinch 
bugs"  (BILssus  leucopteru.s). 

Morjthology.— Oya\  or  spherical  fmicrococei  ?)  bacteria,  usually  in  pairs, 
but  sometimes  in  chains  of  fourtoeightelemeuts.  "  Undividetlsefments  vary 
from  0.8  to  l.fl  /j  in  length,  with  a  uniform  width  of  0.t>5  t^ "  (Forbes). 
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Biological  Characters. — Forbes  (1891)  says:  "I  have  lately  succeeded, 
in  conjunction  with  Professor  Burrill,  in  niakmg  pui-e  cultures  in  confiid- 
erable  numtwrs  in  Ixtth  animal  and  vegetable  media."  .  .  .  "We  have  ob- 
tained successful  cultures  in  all  the  neutral  and  alkaline  fluids  and  in  noQ6 
of  the  acid  ones."    Non-motile  and  doea  not  form  spores. 

178.    BACILLUS   MONACH.E  (v.    Tubetlf). 

Obtained  by  v.  Tubeuf  (1892)  from  infected  caterpillars  of  Liparis 
monaclia. 

Morphological  and  Biological  Characters. — Short,  motile,  aihrobic,  non- 
liquefying  bacilli,  -which  grow  in  the  usual  culture  media  at  the  room  tem- 
perature. 

179.   MICROCOCCUS  OF  BRUCK. 

Obtainetl  by  Bruce  (1892)  from  the  spleen,  post-mortem — of  c&ses  of  so- 
called  "Malta  fever." 

Morphology. — Micrococci,  about  .33^  in  diameter,  solitaj'y  or  in  paira — 
never  in  chains. 

Biological  Characters. — An  aerobic,  nott-liquefying,  micrococcus.  Does 
not  stain  by  Gram's  Tiiethotl.  Grows  best  in  nuirifut  agai*.  In  stab  cultures 
no  pi-owth  is  seen  for  several  days.  "At  length  the  growtli  appears  as 
pearly- white  spota  scattered  around  the  point  of  puncture  and  minute,  round, 
white  colonies  are  also  seen  alonp  tlie  course  of  tiie  needle  ti'ack"  ;  these 
increase  in  size  and  after  some  weeks  a  rosette-shaped  jn"owth  is  seen  upon 
the  surface,  and  the  growth  along  the  line  of  puncturehas  a sellowish-brown 
color.  At  the  end  of  nhie  oi-  ten  days,  at  37"  C.,  some  of  the  colonies  on  tlie 
surface  of  nutrient  agar  an*  as  large  as  No.  4  shot;  by  transmitted  light 
they  have  a  yellowish  color  atthoc»ntre,  and  the  periphery* is  bluisli-white ; 
by  reflected  light  they  luive  a  milky-white  color.  At  25*  C.  colonies  first 
liecome  visible  at  the  end  of  about  seven  daj's,  at  'X7"  C.  in  tliree  to  four 
diivs.  D<x's  not  gi-ow  upon  jiotato.  Very  scanty  growth  upon  nutrient 
gelatin  at  22°  C  at  the  end  of  a  month. 

Patbogenfsin. — Palhofrejitc  for  monkeys,  whicli  sutTer  from  fever  as  a 
result  of  suljcutaneous  inoculations  and  usually  (three  out  of  four  exoeri- 
niented  upon)  die  in  ftMim  thirteen  to  tw^euly-one  days.  The  spleen  is  found 
to  be  enlai-ged  and  contains  the  micrococcus.  Not  pathogenic  for  mice, 
guinea-pigs,  or  rabbits. 

180.    BACILLI   OF   GUILLEBEAU  (o,  6,  and  c). 

Obtained  by  Guillelieau  from  the  milk  of  cows  suffering  from  mastitii, 
and  found  bv  Frcudenreich  to  produce  an  abnormal  fermentation  of  cheese, 
chai'acterizeJ  by  the  presence  of  lai-ge  cavities  ("boursouflement")  and  by  a 
very  bad  taste. 

BACILLUS  a. 

Morphology. — Varies  considerably  in  size,  and  may  resemble  a  micrococ* 
cus  in  fitrni  ;  usually  1 1'  bi-oad  and  1  to  2  /t^  long. 

Staintt  with  the  usual  aniline  colors,  but  rather  feebly ;  does  not  stain  by 
Gram's  method. 

Biological  Charactera. — An  aihrobic  a,ni\  facnli at it^  anner<^ic.  slightly 
motile,  }ion-li<fNefijiii{fbaciUnR.  Spoi*  formation  not  olwerved.  Grows  iu 
the  usual  culture  media  at  the  rof)m  tenijieratuit?.  Upon  gelatin  plates  iLe 
dee])colonies  are  spherical,  granular,  and  yellowish  in  color  ;  uixm  tlie  sur- 
face they  are  round  and  granular  at  first,  later  they  become  opaque  and  re- 
semble H  drop  of  wax.  In  gelatin  .itick  cultures  development  occurs  all 
along  the  line  of  puncture,  and  upon  the  surface  a  whitish  layer  is  formed- 
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>n  agar&  graj'isli-wliite  luycr  is  dcveloptHl.  Up«in  j»>hito&  thick,  yel- 
lowish Ifiyer  is  formed;  iliis  is  viscid  ami  contains  mamerous  gius  buJ>bt<'8. 
In  milk  «>Hf^iilat,ion  is  i)r<xluup(l  at  the  end  of  t\veiily-four  iiours,  and  an 
abundanrf  of  t^as.  is  g-ivcii  off.  In  boniUon  containiug  milk  sugar  it  multi- 
plies abundantly  and  a  lar^  quantity  of  g-as  is  libf rated.  Grows  best  at  a 
temperature  of  30  to  35  C.  Thennal  death-point  GO C— fifteen  minutes' 
exposure. 

BACILLUS  b. 

Morphology. — Resembles  bacillus  a  ;  liaeilli  from  1  to  2  /i  long  and  about 
1  /t  tliick. 

Bioloijmtl  Characfefx. — \n(ii'rol>k'iirn\fariilfafiiv  anafirohic,  litpiefy- 
itig,  mvtilf  bai'illus.  Ls  ditfereiitiati'd  fixjui  a  by  the  fart  thatit  causes  lique- 
faction of  nutrieitt  peliitin  aftor  an  interval  of  several  weekb,  and  by  the  fact 
that  tlif  young  colonies  uikhi  g-elalin  plates  are  quite  viscid.  Spore  forma- 
tion not  observed.  Thermal  deatli-point  Kl>  C. — five  minutes'  exposure. 
An  abundance  of  j^as  is  givi«u  off  from  cultures  eontainiiig  miJk  sugar. 

BACILLUS  C. 

Morphology. — Short  bacilli ;  often  oval  or  even  spherical  in  form  ;  al>out 
1  fi  long:. 

Biological  Characters. — An  aiiobic,  von-liqitefr/inf/  l>acillus.  Spore 
formation  not  observed.  Upon  gelatin  plales  colonies  are  developed  wjiich 
resemble  those  of  bacillus  o,  but  are  nit^re  closely  granular ;  the  colonies 
are  very  atlherentand  dirticult  to  remove  from  tVie  culture  medium.  Upon 
agar  a  viscous,  white  lavf r  is  developed.  Upon  poittio  the  growth  is  of  a 
yellowish-white  color  and  similar  so  tfiat  of  a  and  h,  with  gas  bubbles  ;  it  is 
very  adherent.  In  liquid  media  the  ^rowlhof  this  bacillus  can.ses  the  cul- 
ture limiid  to  l>Pconie  extremely  visscous  and  ainiost  g^elatiuous  in  cxsnsislencc. 
In  milh  coagulation  occurs  at  the  end  of  sixty  hours  at  37"  C,  and  the  milk 
then  loses  its  viscosity. 

181.   BACILLUS  AEROOENES  MENINGITIDIS  (Centanni). 

Found  hy  Centanui  (1893)  in  two  fatal  cases  of  nienintfitis. 

Morfthotogy. — Bacilli  from  2  to2.5 /j  lontj  and  4/'  tliick,  with  rounded 
extremities  ;  solitary,  in  paii-s  or  in  short  chains. 

Biological  Characfi'rii. — .\n  at^n^iiv  aiul  fitfiiltattve  atiaerctbic,  motile, 
liquefying  bacillu.s.  Spore  formation  not  den lonst rated.  Grows  in  the 
usual  culture  media  at  the  rcM>in  temperature.  In  gelatin  stick  cultui-es  len- 
ticular gas  bubbles  are  develojH'd  :  <fa.s  bubbles  arc  also  developed  in  profu- 
sion in  the  abundant  growth  upon  the  surface  of  cooketl  potato. 

Pathogenic  for  rabbits. 

182.    PNEUMO-BACILLU8  SEPTICU8   (Galtier). 

Forind  by  Galtier  in  the  pulmonai-y  exudate,  etc.,  in  calves  suffering 
from  the  infectious  pi  euro-pneumonia,  or  pneumo-enteritis,  to  wliich  it  gives 
rise. 

Morphology. — Spherical,  oval,  or  rotl-shaped  Ixacteria,  usually  iii  pairs, 
sometimes  in  short  chains.  The  rods  are  sometimes  tlin'e  or  four  times  as 
long  as  broad,  with  round  ends.  Stfuns  with  tlie  usual  aniline  colors,  but 
not  by  Gram's  method. 

Biological  Characters. — X  motile,  aerobic,  and  facultatitv  anaerobic, 
non-liquefying  bacillus.  ^It  does  not  liquefy  gelatm  under  ordinary  con- 
ditioQH,  but  when  recently  prepared  and  contiuning  less  than  the  usual 
amount  of  gelatin,  liquefaction  may  occur.;  Grows  rapidly  in  the  usual 
37 
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culture  media  at  the  room  temperature — still  more  rapidly  at  ST  C. 
cultures  give  oft'  a  peculiar  odor.     Forms  8]>ores. 

Pathogenesia. — According  to  Gal  tier  injections  into  the  lunj^  or  intolki 
trachea,  in  calves,  pig^,  rabbits,  or  guinea-pigs,  cau.se  a  developmcait  a(  thi 
disease,  "  with  a  pred(>miuance  of  the  pleuro-pulmonary  lesions." 


183.    BACILLUS   PSEUDO-TUBERCULOSIS   OV  PRKISZ. 


I 


Obtained  by  Preiaz  (1894)  from  an  infected  sheep. 

Morphology. — Resembles  the  bacillus  of  diphtheria,  but  is  smaller. 

Biological  Characters.— An  aerobic,  and  facultative  anaerobie,  mim- 
motile  bacilhis.  Does  not  ^row  in  nutrient  gelatin  at  the  room  tempenbiR 
In  Imuillon  a  ac&ly  pcllicte  is  formed  uimn  thesurface  which  breaks  up  ap« 
slight  agitation ;  tlie  Ixiuillon  is  but  slightly  clouded.  Upon  blood  sena 
the  colonies,  at  37'  C,  have  agolden  or  orange-yellow  color  ;  thisvaneseoa- 
siderably  in  ilitferent  cultures.  Does  not  form  pigment  in  agar  adtoR^ 
does  not  grow  ufwn  potato.     Stains  by  Grams  method. 

Piithogeueais. — Pure  cultures  inoculated  into  rabbits  or  goiinea-piMfftn 
rise  to  a  pseudo-tuberculosis  of  the  lymphatic  glands,  the  spleen,  tm  mm, 
the  mesentery,  etc.     This  ends  fatally  in  from  ten  to  thirty -five  days. 


1S4.    BACILLUS  P.SEUDO-TUBERCULOSIS    MURIUM 


ays.        ^1 
I   1    I    I JP 


Obtained  by  Kutscher  (1894)  from  a  mouse  which  died  iu  the 

Morphology. — Slender fcacilli,  which  frequently  have  point«d  ( 
about  the  leugtli  of  the  diphtheria  bacillus,  and  like  this  bacillus  quite  Titi 
able  in  form. 

Biological  Characfent.—An  aerobic  and  facultatire  ona«ro6*r. 

motile,  non-liquefying  \iac\\liis.    Spore  formation  not  demonstimted.    I 

by  Gram's  mcthoid.  C|K)n  agar  plates  small  yellowish  colonies  ar»  dml> 
oi>ed  at  the  end  of  twenty-four  hours,  at  37'  O.  ;  these  have  a  findy  ^nunlir 
centre  aud  a  dentate  margin  ;  ))etween  the  sharply  dentate  prooeaKsaivna 
short,  relatively  thick  projections.  The  superficial  colonies  are  iatlielini 
of  delicate,  transparent,  white  larcrs  ;  these  resemble  colonies  of  Stieutocw 
pyogenes.  They  reach  the  limft  of  their  development  in  four  orBvad^K 
UiKin  gelatin  plates  similar  colonies  are  developed,  which  hevonw  vUkbrt 
the  end  of  foKy -eight  Fioiirs  and  continue  to  increase  in  size  for  twrivstolf- 
teen  days.  In  h<)nilli)n  a  slight  clouding  of  the  culture  medium  oeeaiiM 
the  end  of  twenty -four  to  forty-eight  hours,  and  later  a  finelv  graaalardr 
posit  is  seen  at  the  bottom  of  the  tube  ;  upon  the  surface  a  thin  paDkk  ii 
formed,  made  up  of  colli u-shai>ed  crystals.  In  milk  the  growth  tsMaadu^ 
but  does  not  cause  any  perceptible  change  in  the  culture  mediooi. 
potato  no  development  occurs. 

P(i/Aoy<'n«'««j».— Pathogenic  for  mice,  in  which  |>s«udo-labeielM 
lungs  are  develoi>ed  as  a  result  of  the  subcutaneous  injootton  of  ft  I 
amount  of  a  pure  culture.     Injections  into  the  peritonei  cari!^  an 
in  from  three  to  Rve  days.     Not  pathogenic  for  raobits  or  piinna  fifs 
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Strictly  anaerobic  bacilli  are  not  able  to  multiply  in  the  blood 
of  liNnng  auimals  ;  but  some  of  them  may  multiply  in  the  subcut^i- 
ne<His  connective  tissue  or  in  the  muscles,  when  introduceti  by  in- 
oculation, and  are  pathogenic  because  of  the  local  inflammatory  or 
necrotic  processes  to  which  they  give  rise,  or  because  they  produce 
soluble  toxic  substances  which  are  absorbeil  and  cause  death  by 
their  special  action  upon  the  nervous  system  or  by  general  toxaomia. 


I 

I 


I 


185.    BACILLUS   TETANI. 

Synonyms. — The  bacillus  of  tetanus  ;  Tetanuabacillus,  Ger. 

Nicolaier  (1884)  producetl  tetanus  in  mice  and  rabbits  by  intro- 
ducing garden  earth  beneath  their  skin,  and  showed  that  the  disease 
might  be  transmitted  to  other  animals  by  inoculationH  %vith  pus  or 
cultures  in  blotad  serum  containing  the  tetanus  bacillus,  which,  how- 
ever, he  did  not  succeed  in  obtaining  in  pure  cultures.  Carle  and 
Rattone  (1S84)  showed  that  tetanus  is  an  infectious  disease,  which 
may  be  transmitted  by  inoculation  from  man  to  lower  animals — a 
fact  which  has  since  been  verified  by  the  experiments  of  Rt>8enbach 
and  others.     Obtained  in  pure  cultures  by  Kitasatu  (1881)), 

The  writer  produced  tetanus  in  a  rabbit  in  188U  by  injecting  be- 
neath its  skin  a  little  mud  from  the  street  gutters  in  New  Orleans. 
The  tetanus  bacillus  appears  to  be  a  widely  distributed  microorgan- 
ism in  the  superficial  layers  of  tlie  soil  in  temperate  and  especially  in 
tropical  regions.  In  Nicolaier's  experiments  it  wtis  not  found  in  soil 
from  forests  or  in  the  deeper  layers  of  garden  earth. 

Morphology. — Slender,  straight  bjvcilli,  with  rounded  ends, 
w^hich  may  grow  out  into  long  filaments.  Spores  are  develojied  at 
one  extremity  of  the  bacilli,  which  are  spherical  in  form  and  consid- 
erably greater  in  diameter  than  the  rods  themselves,  giving  the 
spore-bearing  bacilli  the  shape  of  a  pin. 

Stains  with  the  usual  aniline  colors  and  also  by  Gram's  method. 
The  methml  of  Ziehl  may  be  employed  for  double-staining  bacilli  and 
spores. 
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Biological  Characters. — An  anaerobic,  liquefying,  motile 
bacillus.  Forms  spores.  Grows  at  the  room  temperature,  in  the 
absence  of  oxygen,  in  the  usual  culture  media.  Grows  best  at  a 
temperature  of  36°  to  38°  C;  in  nutrient  gelatin,  at  20°  to  25"  C., 
development  is  first  seen  at  the  end  of  three  or  four  days  ;  does  not 
grow  at  a  temperature  below  14'^  C.  Sp>ores  are  formed  in  cuItureBj 
kept  in  the  incubating  oven  at  36°  C.,  at  the  end  of  thirty  hours;" 
in  gelatin  cultures  at  20°  to  25°  C,  at  the  end  of  a  week  (Kitas«it«t). 
The  bacilli  exhibit  vuhuitary  movements  which  are  not  very  active  ; 
tho.se  containing  sp*ires  are  not  motile.  It  may  Ije  cultivated  in  an 
atmosphere  of  hydrogen,  but  does  not  grow  in  the  presence  of  oxy- 
gen— strictly  anaerobic — or  in  an  atmosphere  of  carbon  dioxide. 
The  addition  of  one  and  one-half  to  two  per  cent  of  grape  sugar  t  > 
nutrient  agar  or  gelatin  causes  the  development  to  be  more  rapid 
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Fio.  1«1.— Tetanus  bacillus,  from  n  irelatio  cnlture.    x  1,000.    Froni  «  pbotomkavigniph  \if 
PfeilTer. 

Fio.  lOd.—TetaousbncUItu,  from  an  ogAr  oultiu^ :  •pore-beariiix  rods,    y  1,000.    Ftom  a  ptaotCFj 
mlcrograpli  by  Pfelffer. 


and  abundant.     The  culture  medium  sliould  have  a  feebly  alkaline  ^ 
reaction. 

Colonies  in  gelatin  plates,  in  au  atmo.sphere  of  hydrogen,  re-' 
semble  somewhat  colonies  of  Baeilhis  subtilis,  the  opacjue  central 
portion  being  surrounded  by  a  circle  of  diverging  rays  ;  liquefaction 
is,  however,  much  slower,  and  the  resemblance  is  lost  after  a  short 
time.  Older  culunies  resemble  the  cokmiea  of  certain  microscopic 
fimgi,  being  made  up  of  diverging  rays.  In  long  gelatin  stick  cul- 
tures development  occurs  along  the  line  of  puncture,  at  a  consid- 
erable distance  below  the  surface,  in  the  form  of  a  radiate  out- 
growth :  the  gelatin  is  slowly  lifjuefied,  and  a  small  amount  of  gas  i^ 
at  the  same  time  formed.  In  peptonized  bouiUun  having  a  slightly 
alkaline  reaction,  under  hydrogen  gas,  the  development  is  abundant 
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and  the  oiiltnros  give  off  a  characteristic  odor — "  brepzlichen  Ge- 
nich  "  (Kitiisato), 

According  t«  Kitasato^  blond  serum  is  not  u  very  favonihle  iiit"- 
diuiu  for  the  growth  of  the  tetanus  biioillus,  and — civntrnry  to  tho 
statement  of  Kitt,  Tizzoni,  and  others — 
it  does  not  cause  liquefaction  of  this 
medium. 

The  spores*  of  the  tetamis  bt'M'ilhis  re- 
taui  their  vitality  for  months  in  a  desic- 
cated condition,  and  m'e  not  destroyetl  in 
two  and  one-half  month.s  when  jireBt^nt 
in  putrefying  niat'L'Hal  (Turco).  They 
withstand  a  tcmjKJratureof  S^C.  main- 
tained for  an  hour,  but  are  killed  Ity 
five  minutes'  exposure  to  :*te£nu  at  1  iK)  C. 
They  are  not  destroyed  in  ten  hours  by 
a  five-per-cent  st)lution  of  earholic  acid, 
but  did  not  grow  after  fifteeia  hours'  ex- 
posure in  the  same  solution.  A  five- 
per-cent  solution  of  carbolic  ficid,  to 
which  0.r>  per  cent  of  hydrochioric  acid 
has  been  adfhnl,  destroys  them  in  two 
hours  ;  in  sublimate  solution  containing 
1  : 1,000  of  mercuric  cldoride  tliey  are 
destroye*!  at  the  end  of  three  hours,  or 
in  thirty  minutes  when  (i.5  per  cent  of 
hydrochloric  acid  is  addtnl  to  the  solu- 
tion. Kitasiito  sufct'eded  in  obtiiining 
pure  cultures  from  tlie  pus  formed  in 
the  vicinity  of  iutx-ulation  wounds,  by 
destroying  the  »w*s<x'iated  bacilli  after 
the  tetanus  bacilli  liad  formed  spores. 

This  was  effected  by  heating  cultures  from  this  source  for  about  an 
hour  at  a  temjierature  of  bO°  C.  The  spores  of  tlie  tetanus  bacillus 
survivetl  this  exposiue,  and  colonies  were  obtained  from  them  iii  lint 
flasks  esiK?<nally  deviseil  for  anaerobic  ciiltiires  ;  from  these  colonics 
pure  cultures  in  nutrient  agar  or  gelatin — long  stick  cultiu'es — or  in 
fHiptoniaed  bouillon  were  easily  obtjiined. 

Brieger  (I.sS(i)  lirst  succeeded  in  olvtaining  froni  impure  cultures 
of  the  tetanus  Ijacillus  a  crystallizivble  toxic  substance,  called  by  him 
tetanin,  which  was  found  to  kill  small  animals  in  very  minute  doses 
and  with  the  characteristic  symptoms  of  tetanus.  More  recently 
Kitasato  and  Wej'l  have  obtained  the  same  substance,  by  folU)wing 
Brieger's  method,  from  a  pure  culture  of  this  bacillus.     From  a 


Fia.  TftS.— Culture  of  Bai-illua  tetani 
Id  nutrteot  geUtin.    (KitaMlo,) 
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Iwuilloii  made  from  one  and  one-fourth  kilogrammes  of  lean  beef,  with 
the  iulditioii  of  twenty-five  grainmea  of  peptone,  they  obtained  1.7118 
graiunies  of  hydrfX'hlorate  of  tetania.  This  proved  fatal  to  white 
mice  in  »ix  hours  in  the  do«e  of  0.05  gramme,  and  a  done  of  0.105 
graniine  oauaed  characteristic  tetanic  convulsions  and  death  within 
an  hour.  The  bacteriologists  last  named  also  obtained  from  their 
ciiltureH  the  tpf(ttuifo.rin  of  Brieger.  Two  mice  were  inoculated  sub- 
I'utaneously  vrith  0.()0;j  gramme  of  this  substance  ;  one  died  at  the 
en<l  of  five  hours  >Wthuiit  the  development  of  tetanic  symptoms  ; 
the  other  8ur\nved.  In  addition  to  these  substances,  indol,  phenol, 
iind  butyrit;  acid  were  demonstrated  to  be  present  in  cultures  of  the 
tebmus  bsu-illus. 

According  to  Kitasato,  the  tetanus  bacillus  does  not  become  at- 
teiiuHt*>d  in  its  pathogenic  potency  by  cultivation  in  artificial  media, 
as  is  the  case  with  many  other  pathogenic  bacteria.  The  more 
recent  researchas  of  Brieger  and  Fninkel,  and  of  Kitasato,  show  that 
tlie  toxic  ptomaine  discovered  by  Bri(^?ger  in  1886  is  not  the  sulwtance 
t*>  which  cultures  of  the  tetanus  bacillus  owe  their  great  and  pecu- 
liar pathogenic  power.  The  distinguished  German  chemist  and  his 
a«s(K"iate  have  succeedeil  in  isolating  from  tetanus  cultures  a  toxal- 
biiniin  which  is  far  m<fre  deadly  than  tetanin. 

Pfithofferu'sin. — The  ex(»eriments  of  Kitasato  (1889)  show  that 
pure  cultures  of  the  tetaiuis  bacillus  injected  into  mice,  rabbits,  or 
guinea-pigs  priHluce  tj-pical  tetanic  symptoms  and  death.  As  the 
presence  of  this  bacillus  at  the  seat  of  injurj',  in  cases  of  tetanus  in 
man,  has  now  Ixivn  demonstrated  by  numerous  observers,  there  is 
no  longer  any  question  that  tetanus  must  be  included  among  the 
traumatic  infectious  disenvses,  and  that  the  bacillus  of  Nicolaier  and 
of  Kitiusato  is  the  specific  infectious  agent. .  KiUisiito's  recently  pub- 
lished ex|)eriment8  (18fl0)  show  that  cultures  of  the  tetanus  bacillus 
which  have  been  sterilized  by  filtration  through  porcelain  produce 
the  same  symptoms,  and  death,  in  the  animals  rnentitmed,  a.s  result 
from  imx!ulation  with  cultures  containing  the  bacillus.  It  is  evi- 
dent, therefore,  that  death  results  from  the  action  of  a  toxic  sub- 
stance pHMluoed  by  the  bacillus.  This  is  further  shown  by  the  fact 
that  the  btunllus  itself  cannot  be  obtainetl  in  cultui-es  from  the  blood 
or  organs  of  an  animal  which  has  succumlied  to  an  experimental  in- 
oculation with  an  uufiltered  culture ;  but  the  blixxl  of  an  animal 
killed  by  such  an  inoculation  coutiiins  the  tetanus  pt)is<in,  and  when 
mjecttnl  into  a  mouse  causes  its  death  with  tetanic  sjnnptoms. 

When  a  platinum  needle  is  dipped  into  a  pure  culture  of  the 
tetanus  bacillus  and  a  mouse  is  inoculatetl  with  it  sul>cutaneoiisly, 
the  animal  invariably  falls  sick  within  twenty-four  hoiu^  and  dies  of 
tj'pical  tetanus  in  two  or  three  days.     Rats,  gruinea-pigs,  and  rabbits 
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are  kiHed  in  the  s^une  way  by  Bomowbat  larger  quantities — 0.3  to  0.5 
cubic  centimetre  (Kitasato).  Pigeons  are  very  slightly  susceptible. 
The  tetanic  m-ropboms  are  first  developetl  in  the  vicinity  of  the  point 
of  inoculation  ;  if  the  animal  is  inoculated  in  the  postenor  portion  of 
the  Iwdy  the  hind  legs  first  show  tetanic  contraction,  if  in  the  fore 
part  of  the  body  the  muscles  of  the  neck  are  first  affected.  At  the 
autopsy  there  is  a  certain  amount  of  hj"jK>nBTnia  at  the  point  of  in- 
oculation, but  no  pus  ia  formed  ;  in  inoculationa  with  garden  earth, 
or  accidental  inoculations  in  man,  pus  is  commonly  found  in  the 
v-icinity  of  the  inoculation  wound.  The  various  organs  are  normal 
in  appearance.  Kitastxto  says  that  he  has  not  been  able  to  demon- 
strate the  presence  of  the  batnllus  or  of  spores  in  the  spinal  marrow, 
the  nerves,  muscles,  spleen,  liver,  lungs,  kidneys,  or  blood  fn)m  the 
heart ;  nor  has  he  been  able  to  obtain  cultures  from  the  various 
organs.  In  mice  which  were  in<K'ulated  at  the  root  of  the  tail 
Kita,sAto  was  able  to  demonstrate  the  presence  of  the  bacilli  at 
the  point  of  inoculation  by  the  microscopical  examination  of  an 
excised  piece  of  the  tissues  for  eight  to  t^n  hours  after  the  inocula- 
tion ;  later  than  this  they  were  not  found.  In  pus  from  the  inocu- 
lation wounds  of  nten  and  animals  acci<lentany  infected  the  bacilli 
are  present,  but  the  formation  of  ajKires  does  not  always  oc- 
cur. According  to  Kitasato,  the  sooner  death  has  occurred  after 
accidental  inoculation  the  less  likely  are  8[iores  to  be  foimd  in  the 
rods,  but  from  pus  in  which  no  spores  are  seou  cultures  of  the 
bacillus  may  be  obtained  in  which  spores  vrill  develop  in  the  usual 
manner. 

Guinea-pigs  are  even  more  susceptible  to  the  tetanus  poison  than 
mice,  and  rabbits  less  so.  The  amount  of  filtrate  from  a  slightly 
alkaline  bouillon  culture  required  to  kill  a  mouse  is  extremely  minute 
— O.OOfXil  ciibic  centimetre  (Kitiisato).  The  t^^tanic  symptoms  are  de- 
veloped within  three  days  ;  if  the  animal  is  not  affected  mthin  four 
daj'S  it  escapes  entirely.  The  tetanus  poison  is  destroyed  by  a  tem- 
perature of  65°  C.  maintained  for  five  minutes,  or  60°  for  twenty 
minutes,  or  55^  for  an  hour  and  a  half;  in  the  incubating  oven  at 
37"  C.  it  gradually  loses  itu  toxic  potency  ;  in  diffuse  daylight,  also, 
its  toxic  power  is  gradually  lost  ;  in  a  cool,  dark  place  it  retiiins  its 
original  jKatency  indefinitely  ;  in  direct  sunlight  it  is  completely  de- 
etroyed  in  from  fifteen  to  eighteen  hours  ;  it  is  not  injured  by  being 
largely  diluteil  with  distilled  water  ;  it  is  destroyed  in  an  hour  by 
hydrochloric  acid  in  the  profwrtion  of  0.55  per  cent ;  terchloride  of 
iodine  destroys  it  in  the  proportion  of  0.5  per  cent,  cresol  in  1  jH^r 
cent — one  hour's  exjK>sure.  In  general  it  is  destroyetl  by  acids  and 
by  alkalies.  Bloo<l  sennn  from  cattle,  hoi-ses,  sheep,  rabbits,  rats,  or 
guinea-pigs  does  not  modify  its  toxic  projicrties. 
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The  researches  of  Tizzoni  and  Cattani  show  that  tetanus  spores 
preserved  upou  silk  threads  become  attenuated  after  a  time  when 
preserved  in  a  dark  place  in  free  contact  with  the  air.     Very  viru- 
lent  CLdtures   liquefy    gelatin,    give  off  a   very  disagreeable  odor, 
and   have  a  decidedly  alkaline  reaction.      Less  virulent  cultureaJ 
qiuckly  acquire  an  acid  reaction.     Cultures  of  which  the  virulenca] 
is  very  much  attenuated  grow  more  rapidly  and  abundantly  than ' 
virulent  cultures  and  jinxluce  m.ore  gas — in  hydrogen  at  S?*^  C. ;  they 
do  not  liquefy  gelatin  and  have  no  odor.     In  attenuated  cultures  de- 
generation forms  are  often  seen,  and  the  spores  are  frequently  elon- 
gated or  almost  roil-shapod.     Cultures  preserved  in   various  gases 
for  thirteen  to  fourteen  mnnths  invariably  become  attenuated.. 

Immunity, — Kitasato  was  not  able  to  produce  immunity  in  miceJ 
by  inoculations  with  minute  doses  of  the  poison,  or  with  a  filtrate 
which  had  been  exposed  tn  various  degrees  of  temperature  by  which 
its  activity  was  diminished  or  destroyed.  But  immunity  lasting  for 
about  two  months  was  prmlucel  in  rabbits  by  inoculating  them 
with  the  filtratt^  from  a  culture  of  the  tetanus  bacillus  and  subse- 
quently, in  the  same  l<x!<ility,  with  three  cubic  centimetres  of  a  one* 
j>er-cent  solution  of  terchloride  of  iodine  ;  this  last  solution  was  in- 
jected sulxnitaneously  in  the  same  dose  at  intervals  of  twenty-four 
hours  for  five  days.  Of  fifteen  rabbits  treated  in  this  way  six  prove«l 
to  be  immune  against  largo  doses  of  a  Anrulent  culture  of  the  tetanus j 
bacillus.  The  same  treatment  was  not  successful  in  producing  im- 
mimity  in  inico  or  guinea-pigs,  but  the  important  discovery  was 
made  that  a  small  quantity  of  blood  (O.i  cubic  centimetre)  from  an 
immune  rabbit,  when  injected  into  the  alwlominal  cavity  of  a  mouse, 
gave  it  immunity  from  the  effects  of  inoculations  with  the  tetanusJ 
bficillns.  Moreover,  mice  which  were  first  inoculated  with  a  virulent' 
culture  of  the  bacillus,  and,  after  tetanic  symptoms  had  appeared,  re- 
ceived in  the  cavity  of  the  ablomen  an  injection  of  blood  serum  from 
an  immune  mouse,  were  preserved  from  death.  The  power  of  the 
blotKl  of  an  immune  animal  to  neutralize  ttie  tetanus  poison  was  fur- 
ther shown  by  mixing  the  filtrate  from  a  virulent  culture  with  blo«)d 
serum  from  an  immune  animal  and  allowing  it  to  stand  for  twenty- 
four  hours  ;  a  dose  three  hundred  times  greater  than  would  liave 
sufficed  to  kill  a  mouse  proved  to  1x3  without  effect  after  such  admix- 
ture with  blood  serum — as  before  stated,  the  blood  serum  of  anii 
which  are  not  immune  has  no  effect  upuu  the  poison.  The  duration 
of  immunity  induced  in  this  way  was  from  forty  to  fifty  days. 
Blood  serum  from  an  inmiune  rabbit,  preserved  in  a  cool,  dark  room, 
retains  its  power  of  neutralizing  the  tetanus  poison  for  about  a  weell 
after  wliich  time  it  gradually  loses  it.  Having  found  that  ehiclc€ 
have  a  natural  immunity  against  tetanus,  Kitasato  made  experiment 
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to  ascertain  whether  their  blood  Berum  would  also  neutralize  the 
tetanus  p<ji8on;  the  result  was  negative. 

That  tlie  tetanus  poison  is  present  in  the  blood  of  individuals  who 
die  from  tetanus  has  beuii  proved  by  Kitiisato  by  injecting  a  Bmall 
quantity  (0.2  to  0.3  cubic  centimetre)  of  blood  from  the  heart  of  a 
fresh  cadaver  into  mice;  the  animala  develop  typical  tetanic  symp- 
toms and  die  in  from  twenty  hours  to  three  days. 

Tizzoni  and  Cattani  have  (1891)  reported  results  similar  to  those 
obtained  by  Kitasato.  By  rejreated  inoculations  with  grKtlually 
increa.-jing  dose?  of  the  tetanus  poison  they  succeeded  in  making 
a  dog  and  two  pigeons  immune,  and  found  that  blood  seruiu  from 
this  immune  dog,  in  very  small  amount,  completely  destroyed 
the  toxic  power  of  a  filtrate  from  cultures  of  the  tetanus  bacillus — 
one  t^  two  drops  of  serum  neutralized  0.5  cubic  centimetre  of  filtrate 
after  fifteen  to  twenty  minutes'  contact.  They  also  ascertained  that 
small  amounts  of  blood  serum  from  this  immune  dog  injected  into 
other  dogs  or  white  mice  produced  imraiinity  in  these  animals  ;  but 
they  were  not  able  to  produce  immunity  in  guinea-pigs  or  rabbits  by 
the  same  method. 

In  a  later  communication  (May,  1891)  Tizzoni  and  Cattani  give 
an  account  of  their  experiments  made  with  a  view  to  determining 
the  nature  of  the  substance  in  the  blood  serum  of  an  immune  animal 
wliich  has  the  power  of  destroying  the  toxalbiunin  of  tetanus — "  tet- 
anus antitoxin."  They  found,  in  the  first  place,  that  this  antitoxin 
in  blood  serum  is  destroyed  in  half  an  hour  by  a  temperature  of  68" 
C. ;  further,  that  it  does  not  pass  through  a  dialyziag  membrane ; 
that  it  is  destroyed  by  acids  and  alkalies.  As  a  result  of  their  re- 
searches they  conclude  that  it  is  an  albimiinuns  substance  having  the 
nature  of  an  enzyme. 

Vaillard  has  succeeded  in  producing  immunity  in  rabbits  by  re- 
peated injections  into  the  circulation  of  filtered  cultures — in  all 
twenty  cubic  centimetres — wliich  had  been  exposed  for  one  hour  to 
a  temperature  of  60°  C.  At  a  temperature  of  tiS"  C.  both  the  toxic 
and  the  immunizing  action  is  destroyed. 

180.    BACILLUS   aCDEMATIS  MALIGNI. 

Synonyms. — Bacillus  of  malignant  oedema;  Vibrion  septique 
(Pasteur). 

Discovered  by  Pasteur  (1877);  carefully  studied  by  Koch  (1881). 
This  bacillus  is  widely  distributed,  being  found  in  the  superficial 
layers  of  the  soil,  in  dust,  in  putrefying  substances,  in  the  blood  of 
animals  which  have  been  suffocated  (by  invasion  from  the  intestine), 
in  foul  water,  etc. 

It  may  usually  be  obtained  by  introducing  beneath  the  skin  of  a 
.3H 
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rabbit  or  a  guinea-pig  a  small  quantity  of  garden  earth.  Tlie  animal 
dieH  within  a  day  or  two,  and  this  bacillus  is  found  in  the  bloody 
serum  effused  in  the  subcutaneous  connective  tissue  for  a  consider- 
able distance  about  tlie  jraint  of  inoculation. 

Morphology. — Bacilli  from  3  to  3.5  //  long  and  1  to  1.1  /i  broad; 


/ 


\ 
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Fco.   Ifi4.— Bacillus  cadematia  moJIgni,  (rom  nubcutaneous  connective  tlaaue  u(   inocnlU*! 
iniinea-plg.    x  960.    CBaumKorton.) 
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frequently  united  in  pairs,  or  chains  of  three  elements  ;  may  grow 
out  into  long  filaments  15  to  40  /i  long — these  are  straight,  or  bent 
at  an  angle,  or  more  or  less  curved.     They  resemble  the  bacillus  of 
anthrax,  but  are  not  quite  as  broad,   have 
^  rounded  ends,  and  in  stained   preparations 

^        -^  ^^  the  long  filaments  are  not  segmented  as  is 

X  ^      the  case    with    the    anthrax    bacillus.     By 

Lofflor's  method  of  staining  they  are  seen  to 
have  flagella  arrangG<l  aroimd  the  peripherr 
of  the  cells.  Large,  oval  spores  may  be  de- 
veloped in  the  bacilli  (not  in  the  long  fila- 
ments), which  are  of  greater  diameter  than 
the  rods,  and  produce  a  terminal  or  central 
swelling  of  the  same,  according  to  the  locar 
tion  of  the  spore. 

Stains  readily  by  the  aniline  colors  usu- 
ally employed,  but  is  decolorized  when  treated  by  Oram's  method. 
In  stained  preparations  the  long  filaments  may  present  a  somewhat 
granular  appearance  from  unequal  action  of  the  staining  agent 

Biological  Characters, — A  strictly  anaerobic,  liquefying,  mo- 
tile bacillus.     Forms  spores.      Grows  in  the  usual  culture  media 


Fio.  Ifin.— BacUlus  oedenu- 
tla  mallgni.  trom  ad  ^gur  cul- 
ture. sl>»/wlng8porM.  X  l.uoo 
Frum  a  pbotooilcrograph. 
I  Frunkel  Aod  PfelSer.) 
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when  ojcygen  is  excluded — in  an  atmosptere  of  hydrogen.  Grows 
at  the  room  temperature — better  in  the  incubating  oven  at  37°  C. 
The  spores  axe  formed  most  abundantly  in  cultures  kept  in  the  in- 
cubating oven,  but  may  also  be  formed  at  a  temperature  of  20°  C. 
In  the  bodies  of  animals  which  succumb  to  an  experimental  inocula- 
tion no  spores  are  found  immediately 
after  death,  but  the  bacilli  multiply  rap- 
idly in  the  cadaver,  and  form  spores 
when  the  temperature  is  favorable. 

The  malignant- eedema  bacillus  may 
be  cultivated  in  ordinary  nM(rf'e7ii  gela- 
tin, but  its  development  is  more  abun- 
dant when  one  to  two  per  cent  of  grape 
sugar  has  been  added  to  the  culture 
medium.  In  deep  stick  cultures  in  this 
medium  development  occurs  at  first  only 
near  the  bottom  of  the  lino  of  puncture  ; 
the  gelatin  is  Uquefied  and  has  a  grayish- 
white,  clouded  appearance  ;  an  abundant 
development  of  gas  occurs,  and  as  this 
accumulates  the  growth  and  liquefaction 
of  the  gelatin  extend  upward.  A  very 
characteristic  appearance  is  obtained 
when  the  bacilli  are  mixed  in  a  test 
tube  with  gelatin  which  has  been  liquefied  by  heat,  and  which  is  then 
allowed  to  solidify.  Spherical  colonies  are  developed,  in  the  course 
of  two  or  three  days,  in  the  lower  portion  of  the  gelatin  ;  these  are 
filled  with  liquefied  gelatin  of  a  grayish-white  color,  and  when  ex- 
amined with  a  low  power  are  seen  to  be  permeated  with  a  network 
of  filaments,  while  the  jwriphery  presents  a  radiate  appearance.  In 
nutrient  agar  gfrowth  also  occurs  at  the  bottom  of  a  deep  punc- 
ture ;  it  has  an  irregular,  jagged  outline  and  a  granular  appearance; 
the  considerable  development  at  the  deepest  portion  and  gradual 
thinning  out  above  give  the  growth  a  club  shape  ;  in  the  incubating 
oven  there  is  an  abundant  development  of  gas,  which  often  splits  up 
the  agar  medium  and  forces  the  iipper  jwrtion  against  the  cotton 
stopper.  An  abtmdaut  development  of  g^as  also  occurs  in  cultures 
in  blood  serum,  and  the  medium  is  rapidly  liquefied  ;  at  a  tempera- 
ture of  37°  it  is  changed  in  a  few  days  to  a  yelloNvish  fluid,  at  the 
bottom  of  which  some  irregular,  corroded  fragments  of  the  solidified 
serum  may  be  seen.  In  agar  plates,  placed  in  a  close  receptacle 
from  which  oxygen  is  excluded,  cloudy,  dull-white  colonies  are 
formed  which  have  irregular  outlines  and  under  the  microscope 
are  seen  to  be  made  up  of  branching  and  interlaced  filaments  radi- 


fia.  1<Vt.— Bacillus  oedematia  ma- 
lign I,  cultures  in  nutrient  ^latln;  a, 
loDj;  stick  culture;  b,  cotonlea  at  bot- 
tom of  getatJD  tube.    (PlQifBe  ) 
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atmg  from  the  centre.  Cultures  of  the  mahgnant-oedema  bacilliw 
give  oflf  a  peculiar,  disagn>3eable  odor,  which  cannot,  however,  be 
designated  as  "  putrefactive." 

Pathogenesis. — Pathogenic  for  mice,  guinea-pigs,  rabbits,  and, 
according  to  Kitt,  for  horses,  dogs,  goats,  sheep,  calves,  pigs,  chick- 
ens, and  pigeons.  According  to  Arloing  and  to  Chauveau,  cattle  are 
immune.  The  disease  is  rarely  developed  except  as  a  result  of  ex- 
perimental inoculations,  but  horses  occasionally  have  nuilignant 
oedema  from  accidental  inoculation,  and  cases  have  been  reported 
in  man — ' '  gfingrene  gazeuse. "  A  small  quantity  of  a  pure  cul- 
ture injected  beneath  the  skin  of  a  susceptible  animal  gives  rise  to 
an  extensive  inflammatory  cadema  of  the  subcutaneous  connective 
tissue  and  of  the  superficial  muscles,  which  extends  from  the  point 
of  inoculation,  especially  towards  the  more  dependent  p>ortions  of 
the  body.  The  bloody  serum  eflfused  is  without  odor  and  contains 
little  if  any  gas.  Bat  when  malignant  oedoma  results  from  the  in- 
troduction of  a  little  garden  earth  beneath  the  skin  of  a  guinea-pig  or 
other  susceptible  animal,  the  effused  serum  is  frothy  and  has  a  pu- 
trefactive odor,  no  doubt  from  the  presence  of  associated  bacteria. 
Injections  into  the  circulation  do  not  give  rise  to  malignant  oedema, 
unless  at  the  same  time  some  bacilli  are  thrown  into  the  connective 
tissue.  While  small  animals  usually  die  from  an  experimental  in- 
oculation with  a  moderately  small  quantity  of  a  pure  culture,  larger 
ones  (dogs,  sheep)  frequently  recover.  At  the  autopsy,  if  made  at 
once,  the  bacilli  are  found  in  great  numbers  in  the  efifused  serum, 
but  not  in  blood  from  the  heart  or  in  preparations  made  from  the 
parenchyma  of  the  various  organs  ;  later  they  may  be  found  in  all 
parts  of  the  body  as  a  result  of  post-mortem  multiplication.  This 
apphes  to  rabbits  and  to  guinea-pigs,  but  not  to  mice  ;  in  these  httle 
animals  the  bacilli  may  find  their  way  into  the  blood  during  the  last 
hours  of  life,  and  their  presence  may  be  demonstrated  in  smear  prepa- 
rations of  blood  from  the  heart  or  from  the  parenchyma  of  the  spleen 
or  liver.  In  mice  the  spleen  is  considerably  enlarged,  dark  in  color, 
and  softened ;  in  rabbits  and  guinea-pigs  less  so.  With  thia  excep- 
tion the  internal  organs  present  no  very  notable  pathological  changed. 

Animals  which  recover  from  malignant  oedema  are  said  to  be 
subsequently  immune  (Arloing  and  Chauveau).  Roux  and  Cham- 
berlain have  shown  that  immunity  may  be  induced  in  guinea-pigs  by 
injecting  filtered  cultures  of  the  malignant-oedema  bacillus  (about 
one  hundred  cubic  centimetres  of  a  bouillon  culture  in  three  doees) 
into  the  abdominal  cavity  ;  or,  better  still,  by  the  injection  of  fil- 
tered serum  from  animals  which  have  recently  succumbed  to  an  ex- 
perimental inoculation  (one  cubic  centimetre  repeated  daily  for 
even  or  eight  days). 
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187.    BACILLUS   CADAVERIS. 

Obtained  by  the  winter  (18S9)  from  pieces  of  liver  and  kidney,  from  yel- 
low-fever cadavers,  which  had  been  preserved  for  forty-eight  hours  in  an 
antiseptic  wrapping,  at  tlie  Buinn:ter  temperature  of  Havana;  also  in  two 
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Fto.  107.— BaoiDua  cadaverto;  amear  pn-parailoa  from  U^er  of  yellow-fever  cadaver,  kept 
t venty-f our  bours  in  an  aatisepdc  wrapping,    x  1.000.    From  a  photomlcrograpli.    (BlemberK.) 

cases  from  pieces  of  yellow- fever  liver  immediately  after  the  autoiwy;  also 
from  liver  preserved  in  an  antiseptic  wrai>ping  fi-oin  comparative  autopsies 
made  in  Baltimoi-e. 

Morphology. — I.iargo  bacilli  with  square  or  slightly  rounded  corners, 
from  1.5  to  4  /J  in  length  and  about  1.2  u  broad;  fruqueutly  associated  in 
paii-s;  may  gi-ow  out  into  straight  or 
slightly  curved  filaments  of  fi-om  5 
to  15  ^  in  length. 

Biological  Characters.  — An  an- 
aSrobic,  non-mot  He  bacillus;  not 
cultivatied  in  nutrient  geltttiii;  not 
observed  to  forru  spores. 

Bacillus  cadaveiis  is  a  strict  anae- 
robic and  is  dtdicult  to  cultivate.  I 
have  succeeded  best  with  nutrient 
agar  containing  five  per  cent  of 
glycerin,  removing  the  oxygen 
inoroughly  by  passing  a  streani  of 
h^vdrogeu  "through  theliquefied  me- 
dium. The  colonies  iu  a  glycerin- 
agar  roll  tube  (containing  hydrogen 
and  hermetically  sealedl  are  opaque, 
irregular  inoutlme,  granular,  and  of 
a  wliite  color  by  reflected  light. 
The  culture  meilium  acquires  an 
acid  reaction  as  a  result  of  the  de- 
velopment of  the  bncill  us. 

Liver  tissue  containing  this  Ijacillus,  after  having  been  kept  in  an  anti- 
■eptic  wrapping  for  forty-eight  hours,  has  a  fresh  appearance,  a  very  acid  re- 
IMJtiou,  and  is  without  any  putrefactive  odor. 


Fio  IW.— Bddilua  cadareris,  frooi  an  auau- 
roblc  culture  lQKlyc«riii-aRar.  X  1,000.  From 
a  phQtomicrograph.    (Sternberg.) 
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Pathogenesis. — Liver  tissue  containing  this  bacillus  is  rery  pathogenic 
for  guinea-pigs  when  injected  suboutaneousl jr.  and  Ciiuses  an  extensive  in- 
flammatory oedema  extending  from  the  point  of  inoculaliou.  Pure  cul- 
tures of  tlie  bacillus  are  less  pathogenic,  and  the  few  experiuients  which  I 
made  in  Havana  gave  a  somewhat  conLradictoiy  result,  recovery  having 
occurred  in  one  guinea-pig  which  receivetl  a  sulJcutaneous  injection  of  ten 
minims  of  liquid  Tn)ni  au  anaerobic  culture  in  glycerin-agar,  while  another 
died  at  the  end  of  twenty  Iiours  from  a  subcutaneous  injection  of  thr« 
minims,  with  extensive  iutlammalory  UKlema  in  the  vicinity  of  the  point  of 
inoculation. 


188-    BACrLLUS  OP  SYMPTOMATIC   ANTHRAX. 

Synonyms. — Rausclibrandbacillus,  Ger.  ;  Bacille  du  charbon 
symptomatique,  Fr. 

First  described  by  Bollinger  and  Feser  (1878);  carefully  studied 
and  its  principal  characters  dotormined  by  Arloiug,  Cornevin,  and 
Thomas  (1880-83). 
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Fio.  i"o. 

l.OOn.    Ptoma  piMtoiBt. 


Fio.  I f!9.— Bacillus  of  syioptonoatlc  anthrax,  from  au  agar  culture. 
orOKraph.    fFrinkel  and  Welffer  > 

Fia.  170.— BacillUB  of  symptomatic  anthrax,  from  muaclw  of  Inoculated  i;uliiea-ptir. 
pbotomicrogmph.    CRou^-) 

Found  in  the  affected  tissues  of  animals — principally  cattle — 6uf- 1 
fering  from  "  black  leg/' "  quarter  evil, "  or  symptomatic  anthrax  {Fr.^ 
"charbon  symptomatique";  Ger.,  "  Eauschbrand  ").  The  diseaiM 
prevails  during  the  summer  months  in  various  parts  of  Europe,  and 
is  characterized  by  the  appearance  of  irregular,  emph3-semat<m8 
swellings  of  the  subcutaneous  tissue  and  muscles,  espocially  over  the 
quarters,   hence  the  name  "  quarter    evil."    The  muscles  in    the 
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affected  areas  have  a  dark  color  and  contain   a  bloody  serum  in 
which  the  bacillus  is  found. 

Morphology, — Bacilli  with  rounded  ends,  from  three  to  five  /i 
long  andO.5  to  0.6 /i  broiid  ;  sometimes  united  in  pairs,  but  do  not 
grow  out  into  filaments.  The  spores  are  oval,  somewhat  flattened  on 
one  side,  tliicker  than  the  bacilli,  and  lie  ni.^ar  the  middle  of  the  rods, 
but  a  little  nearer  to  one  extremity.  The  bacilli  containing  spores 
are  somewhat  spindle-formed  (Kitasato).  "Involution  forms"  are 
quite  common  in  old  cultures  or  in  unfavorable 
media  ;  in  such  cultures  variously  distorted  and 
often  greatly  enlarged  bacilli  may  l>e  seen,  some 
l)eing  greatly  swollen  in  the  middle  —  spindle- 
shaped.  When  properly  stiiined,  by  Luffler's 
method,  a  number  of  flagella  are  seen  around  the 
periphery  of  the  cells. 

Stains  with  the  aniline  colors  usually  em- 
ployeii,  but  not  by  Gram's  method.  Spore-bear- 
ing bat;illi  may  l>o  double-stained  by  first  stain- 
ing the  spores  by  Ziehl's  method,  and  then  the 
bficilli  with  a  solution  of  methylene  bine. 

Biological  Characters. — An  anaerobic,  liq- 
tiefying,  motilehacHlns.  I'onus  spores.  Grows 
at  the  room  temperature  in  the  usual  culture  media, 
in  the  absence  of  oxygen,  in  an  atmoapbero  of  hy- 
drogen, but  not  in  carbon  dioxide.  This  bacillus 
grows  more  rapidly  and  abundantly  in  nutrient 
agar  or  gelatin  to  which  1.5  to  2  per  cent  of 
grajje  sugar  or  five  j>er  cent  of  glycerin  has  been 
added.  Colonies  in  gelatin,  iu  an  atmosphere  of 
hydrogen,  are  at  fkst  spherical,  with  irregular  out- 
lines and  a  wart-like  surface  ;  later  the  gelatin  is 
liquefieti  around  them,  an<l  nwliating  filaments 
grow  out  into  the  gelatin,  so  that  by  transmitted 
light  they  present  the  apiwarance  of  an  opaque 
ceutrtd  injuss  with  an  irregular  surface  surrounded 
by  rays.  In  stick  cvdtures  in  nutrient  gelatin,  at 
20°  to  25°  C,  at  the  end  of  two  or  three  days 
development  occurs  at  the  bottom  of  the  line  of  puncture  to  within 
about  two  fingers*  breadth  of  the  surfsico  ;  the  gelatin  is  slowh" 
liquefi.ed  and  considerable  gas  is  formed.  In  old  cultures  the 
growth  and  liquefaction  of  the  gelatin  extend  nearly  to  the  sur- 
face. In  arfar  stick  cultures,  in  the  incubating  oven,  develop- 
ment begins  ivithin  a  day  or  two  and  e.xtends  to  within  one 
finger's  breadth  of  the  surface  ;  considerable  gas  is  evolved,  and 
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the  cultures  have  a  peculiar,  acid,  penetrating  odor.  Development 
is  most  rapid  at  3(i°  to  38"^  C,  but  may  occur  at  a  tc^mperature  of  16° 
to  18°  C. — not  lower  than  14°.  Spores  are  quickly  formed  in  cul- 
tures kept  in  the  incubating  oven — not  so  quickly  at  the  room  tem- 
perature. These  withstitnd  a  temperature  of  80°  C.  maintained  for 
au  hour,  but  are  killed  in  five  minutes  by  a  t<?mperature  of  100°  C. 
(in  steam).  In  the  bodies  of  infocte<l  animals  spores  are  not  formed 
imtil  after  the  death  of  the  animal,  at  the  end  of  twenty-four  to  forty- 
eight  hours  (Kitasato). 

The  spores  are  destroyed  by  a  five-per-cent  solution  of  carbolic 
acid  in  ten  hours,  and  the  bacilli,  in  the  absence  of  spores,  in  five 
minutes  ;  a  1  : 1,000  solution  of  mercuric  chloride  destroys  the  spores 
ill  two  hours  (Kitasato).  According  to  Kitasato,  certain  shining 
bodies  of  irregular  form,  which  stain  readily  with  the  aniline  colors, 
are  to  be  seen  in  the  rods  as  they  are  found  in  the  bloody  serum  from 
an  animal  recently  dead  ;  but  these  are  not  sjwres,  as  some  bacterio- 
logists have  supposed. 

Pathogenesis. — Cattle,  which  are  immune  against  malignant 
oedema,  are  moat  subject  to  infection  by  the  bacillus  of  symptoroatic 
anthrax,  and  the  disease  produce<l  by  this  anaerobic  bacilluB  prevails 
almost  entirely  among  them  ;  horses  are  not  attacked  spontaneously 
— i.e.,  by  accidental  infection — and  when  inoculated  with  a  culture  of 
this  bacillus  present  only  a  limited  local  reaction.  Swine,  dogs,  rab- 
bits, fowls,  and  pigeons  have  but  slight  8U.sceptibihty,  but  the  re- 
searches of  Arloing,  Cornevin,  and  Thomas,  and  of  Roger  show  that 
by  the  addition  of  a  twenty-per-cent  solution  of  hu-tic  atnd  to  a  cul- 
ture its  virulence  is  greatly  increased,  and  animals  which  have  but 
little  susceptibility,  like  the  rabbit  or  the  mouse,  succumb  to  such  in- 
jections ;  similar  results  were  obtained  by  Roger  by  the  simultaneous 
injection  of  sterilized  or  non-sterilized  cultures  of  Bacillus  prodigio.suB 
or  of  Proteus  vrdgaris.  The  guinea-pig  is  the  most  susceptible  ani- 
mal. Wlien  inoculated  subcutaneously  with  a  small  quantity  of  a 
pure  culture,  or  with  spores  attached  to  a  silk  thread,  it  dies  in  from 
twenty -four  to  thirty -six  hours.  At  the  autopsy  a  bloody  serum  is 
found  in  the  subcuttineous  tissues  in  the  vicinity  of  the  point  of  in- 
oculation, and  tiio  muscles  present  a  dark-red  or  black  appearanoe 
similar  to  that  in  cattle  affected  with  "  black  1^."  The  internal  or- 
gans present  no  notable  pathological  changes.  Immediately  after 
death  the  bacilh  are  found  only  in  the  effused  serum  and  the  affected 
tissues  near  the  point  of  inoculation,  but  later  they  multiply  in  the 
cadaver  and  are  found  throughout  the  body.  According  to  EZitasato, 
the  cultures  in  solid  media  preserve  their  virulence  for  an  indefinite 
period,  but  cultures  in  a  bouillon  made  from  the  flesh  of  guinea-pigs 
soon  lose  their  virulence.     Cultmres  are  readily  attenuated  by  heat 
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according  to  the  method,  of  Toussaint  and  Chauveau  ;  a  temperature 
of  43'  to  43°  C  is  suitable.  Tlie  pathogenic  virulence  of  spores  may 
alao  be  attenuated  by  subjecting  them  to  dry  heat — a  t«mi)eratiire  of 
80°  to  100°  C.  maintained  for  several  hours,  For  the  production  of 
inununitj'  in  cattle  Arloing,  Comevin,  and  Thomas  reconunend  the 
nae  of  a  dried  powder  of  the  muscles  of  animals  which  have  suc- 
cum.bed  to  the  disease,  and  which  has  been  subjected  to  a  suitable 
temperature  to  insure  attenuation  of  the  pathogenic  virulence  of  the 
spores  contained  in  it.  Kitt,  who  has  made  extended  experiments 
with  this  bacilhis,  recommends  that  the  muscles  be  first  dried  at  32° 
to  35°  C.  and  then  powdered.  Two  vaccines  are  then  j>repared — a 
stronger  vaccine  by  exposure  of  a  portion  of  the  jKjwder  to  a  tem- 
perature of  85°  to  90*^  C  for  six  hours,  and  a  weaker  vaccine  by  ex- 
posure for  six  hours  to  a  temperature  of  100°  to  104°  C.  (dry  heat). 
Inoculations  made  with  this  atteuuatwl  virus — the  weakest  first  and 
subsecjuently  the  least  attenuated — give  rise  to  a  local  reaction  of 
moderate  intensity,  and  the  animal  is  subsequently  immune  from  the 
effects  of  the  most  \'irulent  material.  Immunity  may  also  be  secured 
by  intravenous  inoculations  ;  or,  in  guinea-pigs,  by  inoculations  with 
bouillon  cultures  which  have  been  kept  for  a  few  days  and  as  a  re- 
sult have  lost  their  original  virulence,  or  with  cultures  kept  in  an  in- 
cubating oven  at  a  temperature  of  43°  to  43°  C. ;  or  by  inoculation 
with  a  very  minute  quantity  of  a  pure  culture  ;  or  by  an  inoculation 
made  into  the  extremity  of  the  tail ;  or  by  inoculations  with  filtered 
cultiires  (Roux  and  Chamberlain),  or  with  cultures  sterilized  by  heat 
(Kitasato).  It  has  been  claimed  (Roux)  that  animals  which  have 
been  made  immune  against  symptomatic  anthrax  are  also  immune 
against  malignant  cedema.  But  in  a  carefully  conducted  series  of 
experiments  Kita.sato  was  unable  to  confirm  this  ;  he  found  that 
guinea-pigs  w^hich  had  an  immunity  against  the  most  vindent  cul- 
tures of  the  Rauschbrand  bacillus  succumbed  invariably  to  malig- 
nant oedema  when  inoculated  subcutaneously  with  the  bacillus  of 
malignant  cedema. 

Klein  (1894)  has  obtained  from  the  spleen  of  sheep  a  bacillus 
which  corresponds  with  the  bacillus  of  malignant  cedema  in  every 
respect,  except  that  it  proved  to  be  without  pathogenic  power — "a 
non-virulent  variety  of  the  Rauschbrand  bacillus"  (Klein). 

189.    BACILLUS   CEDEMATIS  MALIONI  NO.  II.    (Novv). 

Obtained  by  Novy  (1894)  from  the  subcutaneous  oedema  in  puiuea-pigs 
which  were  inoculated  with  a  boIuUoh  of  milk-nuclein,  which  had  been  pre- 
pared from  fresh  casein. 

Moi'phology.—'BwcilU  with  rounded  ends,  usually  solitary,  from  2.6  to 
5  M  long  and  from  0.8  to  0.9  ^  broad.  Occasionally  short  and  straight  fila- 
ments, 8  to  14  /i  long,  are  aeeu — very  rarely  these  reach  a  length  of  22  to  35  w. 
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Long  and  slender  spiral  fil&menta  are  found  in  pure  cultures  which  are  l>e- 
liev^  to  be  gigantic  Jlagella.  These  are  seen  in  preparations  stained  with 
gentian  violet  as  unstained  spiral  filaments,  usually  from  17  to  26  u  long; 
aomeare  of  unifurni  tliickness  and  others  spindle-formed,  having  a  Uiickne» 
of  1.7  to  2.6  p  in  the  middle,  and  taperin]^  to  a  scarcely  visible  line  at  the  ex- 
tremities. Thest!  llagelta  are  readily  stained  by  Lbffler's  meiliud.  They  are 
attachiMl  to  the  perijjhei'y  of  the  rods,  as  in  Uie  typhoid  bacillus.  In  artifi- 
cial cultui'cs  they  aif  usually  from  40  to  50  /'  long.  With  refei-ence  to  the 
pecutiai'  spindle-formed  bodies  found  in  the  cultures  Novy  says  :  "  As  to  the 
character  of  these  gigantic  flagella  little  can  be  said.  Loffler,  who,  so  far  as 
I  know,  was  the  iii-st  to  observe  these  singular  forms,  regarded  them  as  bun- 
dles or  collections  of  flagella."' 

Although  at  tiret  inclined  to  doubt  this,  Novy  says,  in  a  postscript  to  his 
paper,  that  an  examination  of  photo  uiicpographs,  which  Imd  been  made  to 
accompany  it,  convinci-s  him  that  LoiRi'r's  explanation  is  probably  correct 

Biological  Characters. — An  itiHfvrobic,  motile  bacillus.  The  motionsare 
not  active,  but  consist  in  a  very  moderate  to-and-fro  swinging  motion.  Doea 
not  form  spcji-es.  Does  not  grow  at  the  room  temperature.  Grows  at  tem- 
peratures of  24  to  38  C.  The  best  media  for  its  development  are  slightly 
alkaline  bouillon,  gelatin,  or  agar,  containing  two  ]>er  cent  of  glucose.  May 
be  cultivated  in  a  vacuum  or  in  an  atmosphere  of  hydrogen,  carbon  dioxide, 
or  illuminating  gas,  Also  in  loug  .stick  cultures  in  a^r.  In  glucone-agar 
pUtteg  colonies  develop  in  fifteen  lioui-s  at  38  C-  These  appear  as  small, 
white  masses  tlie  size  of  a  piu"s  bead,  which,  under  the  microscope,  appear 
to  bo  made  up  of  thicklv  felted  tlireiuls.  The  smaller  colonies  ap{)earasa 
network  of  branching  hres,  very  similar  to  the  colonics  of  the  tetanus  ba- 
cillus ;  larger  colonie.shave  a  dark  centre,  with  an  irregular,  fringetl  margin, 
and  are suri-ounded  by  delicate  filaments.  In  <}lucoseagar  stick  cult um 
growth  occurs  along  tlie  line  of  puncture  to  witliin  one  cubic  centimetre  of 
the  surfat^'e,  but  is  not  as  abimJaut  as  the  growth  of  the  bacillus  of  malig- 
nant a>dema  or  of  symptomatic  anthrax.  At  38  C.  development  occurs  wiUiin 
twelve  to  sixteen  houi-s,  and  has  reached  its  maximum  at  the  end  of  twentv- 
four  houre.  An  abundant  development  of  gas  occurs,  which  splits  up  ti»e 
agar  and  forces  the  upjier  portion  towai-ds  the  top  of  the  tube.  Tlie  develop- 
ment of  gas  is  mi:>st  abundant  in  alkaline  media,  being  almost  absent  in  media 
having  a  neutral  or  acid  reaction.  The  most  favoi-able  medium  is  a  fresh  al- 
kaline bouillon  containing  two  per  cent  of  gelatin,  of  glucose,  and  of  pep- 
tone. 

Pathogenesis. — Pathogenic  for  rabbits,  guinea-pigs,  white  mice,  white  ratu 
pigeons,  and  cats.  Death  usually  results  in  from  twelve  to  thirty-six  hours 
after  tlie  sulicutaneous  injection  of  one-tenth  lo  ()ne-f<jurtli  cubic  oentimelre 
of  a  pure  culture.  At  the  autopsy  an  extensive  suljcutaneousoeilema  is  found 
extending  from  the  jtoint  of  inoculation.  The  fluid  in  the  brawny  connective 
ti&sue  IS  usually  colorless,  sometimes  of  a  palere<l  color.  A  small  amount  of 
gas  is  commonly  present.  The  pleural  cavities  contain  an  enormous  amount 
of  serous  exudate,  which  at  first  is  tluid,  but  when  the  autopsy  is  delayed  be- 
comes gelatinous.  In  rabbits  and  guinea-pigs  the  amount  of  this  serum  ob- 
tained fr<jni  the  pleural  cavities  may  be  from  fifty  to  si.xty  cubic  centimetm. 
The  bacilli  are  lu^uaily  not  very  numerous  in  this  serum  from  the  subcuta- 
neous tissues  and  pleural  cavity. 

Kerry  (1894)  has  described  a  "  new  pathogenic  anaerobic  bacillus  "  which 
resembles  that  of  Novy  in  several  particulai-s.  It  does  not  grow  at  the  room 
tem{)erature,  docs  not  form  spores,  and  is  pathogenic  for  mice,  rats,  rabbits, 
and  guinea-pigs  ;  it  forms  "very  long  and  thick  flagella,  which  may  be  spi'r- 
alia  gechliingelt.^'  This  bacillus  was  obtained  from  a  guinea-pig  inoculated 
with  dried  blood  (suspended  in  water  containing  lactic  acid  and  glucow) 
which  had  been  obtained  from  a  cow  that  ^vas  supposed  to  have  died  of 
Kauschbrand. 
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l!iO.    BACILLUS   PHLEOJIONES   EMPHYSEMATOSyK   (E.    Fmnkel). 

Obtained  by  Fraukel  (1893)  fi-om  fuur  cat»?s  of  "gus  plileirmoii." 

Morpholoify, — Short,  thick  bacilli,  with  round  ends,  alwut  as  thick  as 
the  aiilnrax  bacillus,  usually  uuitutlin  pairs;  luug'fijaraentsarf  seen  in  gela- 
tin cultures,  and  in  the  tissues  of  infected  truiuea-pigs. 

Biological  Characters. — An  anaerobic,  non-motile,  liquefying  baclllua. 
Spores  are  occasionally  seen  in  ag-ar  culturt'jj ;  these  are  spherical  and  lo- 
cated in  the  slightly  swollen  extremities  of  tlie  nxls.  In  glucoac-agar  (one 
per  cent  {glucose)  plates,  in  an  atniasphere  of  hydrogen  at  .'57'  C,  (jas  bub- 
bles are  seen  ujxin  and  ]>elo\v  the  surface  ;  these  niaj-  Lave  a  diameter  of 
one  centimetre,  and  small  bubbles  are  often  attai-hed  to  the  lar^r  onea.  In 
other  places  the  agar  is  Kpttt  open  ;  in  others  still,  colonies  are  develope<l 
without  the  formation  of  fjas  ;  these  ait^  round,  with  a  dai'k-hmwn  centre 
and  paler  margin.  In  utick  cultures  in  agar  containing  one  j>er  cent  of 
glucose  the  gi-fiwtb,  at  37'  C,  in  abundant  at  the  end  of  twenty-four  houra 
all  along  the  line  of  jmuctui-e  ;  the  agar  is  split  u]>  by  gas,  and  bubbles  often 
accumulate  on  thesurface.  In  gelatin  cultures,  in  an  atmosphere  of  hydro- 
gen at  the  end  of  two  or  three  days,  sinall,  round,  brownish-yellow,  slightly 
Eanular  colonies  are  develoixnl,  which  later  ap]>ear  to  lie  in  an  air  bubble. 
fi;elatin  stick  culture.s  growth  is  lii-st  seen  <uie  to  two  centimetres  below  the 
surface  ;  after  several  days  spherical  colonies  are  deveJoped  along  the  line 
of  punctur«>,  and  at  times  liquefaction  is  seen,  while  at  othei-s  gas  bubbles 
are  deveJoiK'd.  Upon  bluitd  serum,  in  hydrogen,  an  abundant  development 
occurs  witli  formation  of  ga.s  ;  these  cutlures  give  ojf  a  fetid  odor.  In  milk 
coagulation  occui-s,  hut  U(j  gas  is  develoi)ed.  The  bacillus  dies  out  in  agar 
cultures  within  two  or  three  days,  unless  they  ai-e  preserved  in  hydrogen. 
In  gfdatin  cultures  itsur\'ives  for  several  months. 

Pat hitgenesis.— In  guinea-jags  subcutaneous  inoculation  gives  rise  to  the 
development  of  a  gas  plilegnion,  and  usually  to  the  deatli  of  the  animal. 
Not  pathogenic  for  mice  or  for  rabbits  when  injected  into  the  ciiTuJation. 

NOTES   RELATING   TO    THE    PREVIOt^SLY    DE.SCRIBED   ANAEROBIC 

BACILLI. 

Tetamis  Bacilluit, — Brieger  and  CJohn,  in  investigations  (1893)  relating  to 
the  toxic  products  of  the  tetanus  bacillus,  have  arrived  at  the  following  re- 
sults :  The  cultures  were  made  in  veal  bouillon  containing  one  per  cent  of 
peptone  and  one-fifth  per  cent  of  chloride  of  sodium.  Larjje  quantities  of 
the  cultures  in  this  medium  were  Altered  thi'ough  porcelain  li Iters.  The 
active  sxibstance  was  precipiitated  from  the  filtrate  by  means  of  a  saturated 
solution  of  ammonium  sulphate.  By  adding  this  salt  in  e.vcess  the  precipi- 
tate is  made  to  rise  to  the  surface  and  is  skimmed  otE  with  a  platinum  spatula. 
The  liquid  is  removed  by  placing  this  upon  porous  porcelain  plates  and  the 
crude  toxin  is  dried  in  a  vacuum.  It  still  contains  li.  5  per  cent  of  ammo- 
nium sulphate.  The  tetanus  bouillon  after  tiltration  i.s  said  to  be  fatal  to 
mice  in  the  dose  of  ().0IHK)5  cubic  ceulimetre.  A  litre  of  this  bouillon  gave 
about  one  gramme  of  the  dried  precipitate,  which  ])roduced  characteristic  tet- 
anic symptoms  and  death  when  injected  into  mice  in  the  dose  of  0.0000001 
gramme.  Kila-sato,  in  his  experiments,  had  previously  obtained  a  tetanus 
bouillon  which  was  five  times  as  toxic  as  that  used  by  Brieger  and  Cohn  in 
their  experiments,  and  which  killed  mice  in  the  dose  of  O.OOtMll  cubic  centi- 
metre. The  dried  precipitate  obtained  by  Brieger  and  Cohn  contained  vari- 
ous impurities,  including  a  certain  amount  of  ammonium  sulphate,  but  was 
fouml  to  kill  susceptible  animals  in  the  pmimrtion  of  O.U0OO0G6  graninae  per 
kilogramme  of  body  weight. 

It  was  purified  without  loss  of  toxic  power  by  placing  it  in  a  dialyzer  in 
running  water  for  from  twenty-four  to  forty -eight  hoars,  after  which  it  was 
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di-ied  in  ixicuo  at  20"  to  22'  C.  The  purified  toxin  as  Ibtis  obtained  had  a 
slightly  yellowish  color,  and  was  in  the  form  of  transparent  scaJes,  whii-li 
were  odorless,  tasted  like  gum  acacia,  and  were  easily  soluble  in  water.  The 
chemical  reactions  of  this  |)urifled  toxin,  according  to  Brieger  and  Cohn,  show 
that  it  is  not  u  true  albuminous  body.  When  injected  beneatli  the  skin  of  a 
mouse  weighing  fifteen  grammes,  in  the  dose  of  0.00000005  gramme.  itcauMt 
its  death,  and  one-fiflh  of  this  amount  gave  rise  to  tetanic  syniptoma  from 
which  the  animal  recovered  after  a  time.  The  lethal  dose  for  a  man  weigh- 
ing seventy  kilogTamme,s  is  estimated  by  the  authors  named  to  be  0.00023 
gramme  (0.2.1  milligramme).  Comparing  this  witli  the  most  deadly  vege- 
table alkaloids  known  it  is  nearly  si.x  hundred  times  as  potentas  atropin  and 
one  hundred  and  lifty  times  as  potent  as  str3-chnin. 

Fermi  and  Pernosst  (1894),  as  a  resultof  an  elaborate  research,  have  deter- 
mined many  of  the  chemical  characters  of  the  tetanus  toxin.  When  in  solu- 
tion it  i.s  destroyed  bv  a  comparatively  low  temperatui-e  (5R  C.  for  one  hour) 
and  by  o.\posure  to  ttirect  suntigJit,  but  the  dry  powder  resists  a  temperature 
of  120  C.  It  has  not  the  properties  of  an  alkaloid,  tus  it  is  not  dissolved  by 
any  of  the  usual  solvents  of  the,se  iKKlies — the  only  solvent  thus  far  discOTcred 
is  said  to  be  water.  It  resembles  the  albumins  and  peptones  in  it«  failure  to 
pa«s  tlirough  adlalyzing  membrane.  The  authors  last  referred  to  conclude 
their  summaiy  of  results  as  follows  : 

"The  apiwnded  table  shows  that  the  tetanus  poison,  like  thatof  diphtheria, 
in  its  behavior  as  regards  the  action  of  lighC  heat,  chemical  agents,  and 
dialysis,  as  also  its  solvents,  the  agents  which  precipitate  it,  and  its  action  upon 
living  animals,  closely  resembles  the  poisons  of  .serpents  (Naja  tripudians, 
Crotalus,  etc. ).  As  to  the  chemical  nature  of  this  group  of  substances,  we  cac 
at  present  mily  say  that  they  rather  have  the  characters  of  colloidal  sub- 
stances than  otherwise,  and  n»ore  nearly  re,scnible  the  albuminoi<l  bodies  than 
the  bosses.  We  <lo  not,  however,  reject  the  very  probable  hypfHhesis  that 
these  toxins  are  a4Mds  or  bases,  or  oilier  very  unstable,  peculiar  substaoces 
whicjj  are  closely  imited  with  colloidal  substances,  asis  theciwc,  for  example, 
with  the  alkali  and  acid  albmnins  and  sn  many  other  albuminous  luidies. 

While  the  e\a«.'t  nature  of  the  toxic  substance  contained  in  tetanus  cul- 
tures has  not  Iweu  deterniiiied,  we  probably  cannot,  at  present,  do  better  than 
to  continue  to  speak  of  it  fis  a  "  toxalbiimin." 

Si/mhiosis. — Oarl)one  and  Perrei-o  (ISfir)),  in  a  case  of  so-called  rheumatic 
tetanus,  in  which  there  was  no  evidence  of  a  wound  through  which  infection 
might  have  occurred,  obtained  the  tetanus  bacillus,  by  inoculations  in  mice, 
from  an  exudate  into  the  larger  bronchia)  tubes.  The  micrococcus  of  pneu- 
monia was  also  present,  and  the  authors  named  report  that  as  a  result  of^aaao- 
ciation  with  this  coccus  the  teLinus  bacillus  is  able  to  erow  in  the  presence  of 
oxygen.  Other  bacteriologists  had  previously  reportett  that  the  tetanus  bacil- 
lus is  able  to  prow  in  inLted  cultures  in  the  presence  of  oxygen,  and  this  has 
been  confirms!  by  the  recent  researches  of  Kedrowski  <1895).  Righi  (18W) 
claims  that  the  tetanus  ba<nllus  may  acquire  the  faculty  of  growing  in  the 
presence  of  oxygen,  when  it  is  gradually  habituat<Hl  to  the  presence  of  thi« 
gas.  Penzo  hua  observed  a  similar  modification  in  the  biological  characters 
of  the  bacillus  of  malignant  ti-denui ;  and  Kitt  ( 1S95)  hassucceetled  in  obtain- 
ing aerobic  cultures  of  the  bacillus  of  sjTnptomatic  anthrax.  He  says  :  "The 
bouillon  cultures  do  not  always  develop  anaerobic ;  one  must  inoculate  sev- 
eral half-litre  flasks  and  place  them  in  the  incubating  oven  ;  some  remain 
clear  and  without  evidence  of  development,  however  long  they  are  kept: 
others  berin  to  ferment  at  the  end  of  two  daj's.  Sometimes  this  formation  rf 
gas  only  lasts  for  a  day  ;  again,  with  more  vigorous  development,  it  may  last 
for  several  d&yn,  and  the  contenLs  of  the  flsisks  have  the  appearance  of  bul^liof 
chamjjagneor  WeiM  bier.  When  a  cuUureis  once  obtained  in  this  way  than 
is  no  difficulty  in  making  a  series  of  aerobic  cultures. 
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191.    SPIRILLUM   OBERMBIESI. 

Synonyms. — Spirochaete  Obenneieri  ;  Spirillum  of  relapsing  fe- 
ver ;  Die  Recurrensspirochate. 

Discoveretl  by  Obermeier  (1873)  in  the  blood,  of  persona  suffering 
from  relapsing  fever. 

This  spirillum  is  prpsent,  in  very  groat  numbers,  in  the  blood  of 
relapsing-fever  patients  during  the  febrile  paroxysms.  It  has  not 
been  fount!  under  any  other  circumstances,  and  its  etiological  rela- 
tion to  the  disease  with  which  it  is  associated  is  generally  admitted. 

Morphology. — Very  slender,  flexible,  spiral  or  wavy  filaments, 
with  jKiinted  ends  ;  from  sixteen  to  forty  ju  in  length  and  consider- 
ably thinner  than  the  cholera  spirillum — about  0.1  pi.  Koch  has 
demonstrated  the  presence  of  flagella  (Eisenberg), 

Stains  readily  with  the  aniline  colors,  especially  with  fuchsin, 
Bismarck  browTi,  and  in  Loffler's  solution  of  methylene  blue. 

Biological  Characters. — An  aerobic,  motile  spirillum  which 
has  not  been  cultivated  in  artificial  media.  This  spirillum  appears  to 
be  a  strict  parasite,  whose  habitat  is  the  blood  of  man.  The  disap- 
pearance of  the  parasite  from  the  blood  soon  after  the  termination 
of  a  febrile  paroxj'sm,  and  its  reappearance  during  subsequent  par- 
oxysms, have  led  to  the  inference  that  it  must  form  spores,  but  this 
has  not  been  demonstrated.  In  fresh  preparations  from  the  blood 
the  spirillum  exhibits  active  progressive  movements,  accompanied 
by  very  rapid  rotation  in  the  long  axis  of  the  spiral  filaments,  or  by 
undulatorj'  movements.  The  movements  are  so  vigorous  that  the 
comp4tratively  large  red  blood  corpuscles  are  seen,  under  the  micro- 
scope, to  be  thrown  about  by  the  slender  spiral  filaments,  which  it  is 
difficult  to  see  in  unstained  preparations.  When  preserved  in  a  one- 
half -per-cent  salt  solution  they  continue  to  exhibit  active  movements 
for  a  considerable  time.  Efforts  to  cultivate  this  spirillum  in  artificial 
media  have  thus  far  been  unsuccessful,  although  Koch  has  observed 
an  increase  in  the  length  of  the  spirilla  and  the  formation  of  a 
tangled  mass  of  filaments. 
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its  termination  ;  sometimes  they  are  present  in  great  numbers,  and 
at  others  can  only  be  found  by  searching  several  microscopic  fields; 
they  are  not  present  in  the  various  secretions— urine,  sweat,  saliva, 
etc.  In  fatal  cases  the  principal  pathological  changes  are  found  in 
the  spleen,  which  is  greatly  enlarged,  and  in  the  liver  and  marrow 
of  the  bones,  which  contain  inflammatory  and  necrotic  foci.  Koch 
and  Carter  have  succeeded  in  transmitting  the  disease  to  monkeys 
by  subcutaneous  inoculations  with  small  amounts  of  defibrinated 
blood  containing  the  spirillum.  After  an  incubation  perio<l  of  seve- 
ral days  typical  febrile  paroxysms  were  developed,  during  which 
the  actively  motile  spirilla  were  found  in  the  blood  in  large  numbers. 
Bloo<l  from  one  animal,  tiiken  during  the  attack,  induced  a  similar 
febrile  jjaroxysra  when  inoculated  into  another  of  the  same  species — 
relapses,  such  as  characterize  the  disease  in  man,  were  not  observed. 
One  attack  did  not  preserve  the  animals  experimented  upon  from  a 
similar  attack  when  they  were  again  inoculated  after  an  interval  of 
a  few  days.  Soudakewitch  (IS91)  has  made  successful  inoculation 
experiments  in  monkeys,  and  has  shown  that  in  monkeys  from  which 
the  spleen  has  previously  been  removed  the  spirilla  continue  to 
multiply  very  abundantly  in  the  blood  and  the  disease  has  a  fatal 
termination,  whereas  in  monkeys  from  which  the  spleen  has  not  been 
removed  the  spirilla  disappear  from  the  blood  within  a  few  days 
after  the  access  of  the  febrile  paroxysm  and  the  animal  recovers. 

192.   SPIRILLUM  ANSERUM. 

Synonym. — SpirofhiPtA  anserina  (Rakharoffj. 

Obtained  hy  8iikhan»tF  (IHiK))  from  the  bliKMl  of  gwse  aflFfcted  by  a  fatal 
form  of  septicaemia  due  to  this  spirillum.  This  disease  prevails  anions  geese 
in  Cauoasia,  cspeciallv  in  swaiiipv  regions,  appearing  annually  and  destroy- 
ing a  large  numlwr  of  llie  douicstic  ^eesp. 

Morpii(ilo(iy . — Rt*fM>nil)l»?s  the  spirilhiin  of  relapsing  fever.  The  long  and 
flexible  apirsii  filaments,  wlien  tlie  disease  is  at  its  heiplit,  are  often  seen  in 
interlaced  niasaea,  arouiid  the  margins  of  which  radiate  single  filaments 
which  by  their  movements  euuse  the  whole  mass  to  cliange  il-s  place,  as  if  it 
were  a  smg-le  orgjtnism.  These  masses  are  sometimes  so  large  that  a  single 
one  occupies  the  entire  field  nf  the  inicroscoiM?. 

Stains  with  the  usual  aniline  colora. 

Biological  Characters. — An  aerobic,  motile  si>iri]lum.  Not  cultivated 
in  artificial  media.  The  movements  are  very  active,  resembling  those  of 
Spirillum  Obermeieri,  hut  cease  in  an  hour  or  two  in  preparations  made  from 
the  blfMxl  of  geese  containing  it. 

Pnthoffenesis.  —A  small  quantity  of  blood  from  .an  infected  goose  inocu- 
lated into  a  healthy  animal  of  the  ewime  species  iiuluces  the  disease  after  a 
period  of  inculmtion  of  four  to  five  days.  The  infected  goose  ceases  to  eat, 
oecomes  apathetic,  remaining  in  one  place,  and  usually  dies  at  the  end  of  a 
week  ;  the  t.enii>eKLture  is  increasetl,  and  in  some  c;»«es  there  is  diarrhcea. 
The  spirilla  are  found  in  the  blood  at  tlie  outset  of  the  malady,  but  after 
death  they  arc  not  seen  either  in  the  blood  or  in  the  various  organs.  The 
keart  and  the  liver  are  found  to  have  undei-gone  a  fatty  degeneration,  and 
yellowish,  cheesy  granules  the  size  of  a  millet  see<l  are  st'en  upon  the  surface 
of  these  organs.     The  sjileen  is  soft  and  easUy  broken  up  by  the  fingers. 
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Inoculations  into  chickens  and  pieeons  were  without  result ;  in  one 
chicken  the  spirilla  were  found  in  the  blood  on  the  fourth  day  after  inocula- 
tion, but  the  fowl  recovered. 

193.    SPnULLPM   CHOLERA   ASIATICiE. 

Synonyms. — Spirillum  ("  bacillus")  of  cholera  ;  Comma  bacillus 
of   Koch ;    Kommabacillus  der    Cholera  AaiaticsB ;    Bacille-vir 
cholerigdne. 

Discovered  by  Koch  (1884)  in  the  excreta  of  cholera  patients  and 
in  the  contenta  of  the  intestine  of  recent  cadavers. 

The  researches  of  Koch,  made  in  Egypt  and  in  India  (1884),  and 
subsequent  researches  by  bacteriologists  in  various  parts  of  the 
world,  show  that  this  spirillum — so-called  "  comma  bacillus" — is  con- 
stantly present  in  the  contents  of  the  intestine  of  cholera  patients 
during  the  height  of  the  disease,  and  that  it  is  not  found  in  the  can!* 
tents  of  the  intestine  of  healthy  persons  or  of  those  suffering  from^ 
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Flo.  174.  Fla.l7K. 

Fia.  174-— Splrlllutn  cholero  Airimtlce.     y.  1,000.    From  a  pbotomlcrogriBph.    (Kocfa.) 
Fia.  17S.— Spirillum  cholem  AaIaUcic,  iDvoliiUo^  forms,    x  700.    rvan  Frmongxtn  ) 

other  diseases  than  cholera.     The  etiological  relation  of  this  spiril-. 
lum  to  Asiatic  cholera  is  now  generally  admitted  by  bacteriologists. 
Morphology. — Slightly  curved  rods  with  rounded  ends,  from  O.s 
to  3  /I  in  length  and  about  0.3  to  O.-i  /i  in  breadth.     The  rods  are 
usually  but  slightly  curved,  hke  a  comma,  but  are  occasionally  in 
the  form  of   a  half-circle,  or   two  united  rods  curved  in  oppoeit 
directions  may  form  an   S-shaped  figure.     Under  certain  circum-1 
stances  the  curved  rods  grow  out  into  long,  spiral  filaments,  which 
may  consist  of  numerous  spiral  turns,  and  in  hanging-drop  cultures 
the  S-shaped  figures  may  also  be  seen  to  form  the  cocunenoemenl 
of  a  spiral ;  in  stained  preparations  the  spiral  character  of  the  loi 
filaments  is  often  obliterated,  or  nearly  so.      When  development  i 
very  rapid  the  short,  curved  rods  or  S-shapod  spirals  only  are  seen] 
but  in  hanging-drop  cultures,  or  in   media  in  which  the  derelof 
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ment  is  retarded  by  an  unfavorable  temperature,  the  presence  of  a 
little  alcohol,  etc.,  the  long,  spiral  filaments  are  quite  numerous,  and 
bacteriologists  generally  agree  that  the  so-called  '' comma  bacillus" 
is  really  onl}'  a  fragment  of  a  true  spirillum.  By  LofHer  s  method 
of  staining  the  rods  may  be  seen  to  have  a  single  terminal  flagel- 
lura.     In  old  cultures  the  batnlii  f  recjuently  lose  their  characteristic 

I  form  and  become  variously  swollen  and  distorted — involution  forms. 
Hueppe  has  described  the  appearance  of  spherical  bodies  in  the 
course  of  the  spiral  filaments,  which  he  believes  to  be  reproductive 
elements — so-called  arthrospores. 
Stains  with  the  aniline  colors  usually  employed,  but  not  as  quick- 
ly as  many  oth«r  ]>act*»ria ;  an  aqueous  solution  of  fuchsin  is  the 
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Fill.  J76.  Fw-  I'T- 

Pie.  17S.— Spirillum  choler«  Ai«laUc»;  coloiil«»  upon  geUUn  plate,  end  ot  tblrtj  boon,  x  lU), 

PbotOKTsph  by  FrSnkel  antl  Pfelffer. 

Fio.  177.— Spirillum  cholene  Asiatice,  from  «  getsUn  culture.    X  1,000.    From  a  photomlcro- 

gn,ph.    CFrAulcel  uid  Pfeiffer.) 
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most  reliable  staining  agent ;  is  decolorized  by  iodine  solution — 
Gram's  methcjd.     Sections  may  be  stained  with  Loffler's  solution. 

Biological  Characters. — ^An  aerobic  (facultative  anaerobic), 
liquefying,  motile  spirillum.  Grows  in  the  usual  culture  media  at 
the  room  temperature — more  rapidly  in  the  incubating  oven.  Does 
not  grow  at  a  temperature  above  42°  or  below  14°  C.  Does  not  form 
endogenous  spores  (forms  arthrospores,  according  to  Hueppe  ?). 

In  gelatin  plate  cultures,  at  23"  C,  at  the  end  of  twentj'-four 
hours  small,  white  colonies  may  be  perceived  in  the  depths  of  the 
gelatin  ;  these  grow  towards  the  surface  and  cause  liquefaction  of 
the  gelatin  in  the  form  of  a  funnel  which  gradually  increases  in 
39 
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depth,  £uid  at  the  bottom  of  which  is  seen  the  colony  in  the  form  of 
a  small,  white  mass  ;  as  a  result  of  this  the  plates  on  the  second  or 
third  day  appear  to  be  perforated  with  numerous  small  holes :  later 

the  gelatin  is  entirely  Uquefied.  Under 
a  low  jH.)wer  the  young  colonies,  before 
li<|uefaction  has  commenced,  present  a 
rather  characteristic  appearance ;  they 
are  of  a  white  or  pale-yellow  color,  and 
have  a  more  or  less  irregular  outline, 
the  margins  being  rough  and  imeven; 
the  texture  is  coarsely  granular,  and  the 
surface  looks  as  if  it  were  covered  with 
little  fragments  of  broken  glass,  while 
the  colony  has  a  shining  appearance ;  when  liquefaction  commencesan 
ill-defined  halo  is  first  seen  to  surround  the  granular  colony,  which 
b}-  transmitted  light  hi^is  a  peculitir  roseat+j  hue.  In  stick  cultttres  in 
nutrient  gelatin  development  occurs  all  along  the  line  of  inociilation. 


7lo.  178.- Colonies  of  the  cholem 
■plrillum;  0,  end  of  tw<?at.v  hoan^  b, 
end  of  thirty  hours;  r.  end  of  forty- 
nl^bt  houre;  <f,  >ft«r  lique(«ctiun  of 
the  gelatai,    (Fl&sge.) 


Fio.  170.— Spirillum  cbolerffiAsiaticie;a,  one  day  old:  b.  thr«)  day  sold;  c,  fount^ys  aid;  <1.  Art 
days  old ;  e,  aeren  daj's  oid ;  /.  10  days  old.    From  pbotograpba  by  Eocb. 

but  liquefaction  of  the  gelatin  first  occurs  only  near  the  sarfaoe ;  on 
the  second  day,  at  22°  C,  a  short  funnel  is  formed  which  has  a 
comparatively  narrow  mouth,  and  the  upper  jwrtion  of  which  con- 
tains air,  while  just  V)elow  this  is  a  whitish,  viscid  mass  :  later  the 
funnel  increases  in  depth  and  diameter,  and  at  the  end  of  from  four 
to  six  days  may  reach  the  edge  of  the  test  tube ;  in  from  eight  to 
fourteen  days  the  upper  two-thirds  of  the  gelatin  is  completely  lique- 
fied. Owing  to  the  shght  liquefaction  which  occurs  along  tin*  line  of 
growth  during  the  first  three  or  four  days,  the  odutrtil  mass  which 
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had  formed  along  the  line  of  inoculation  settles  down  as  a  curled 
or  irregularly  bent,  yellowish-white  thread  in  the  lower  part  of  a 
slender  tube  filled  with  liquefied  gelatin,  the  upper  part  of  which 
widens  out  and  is  continuous  with  the  funnel  above.  Upon  the  sur~ 
face  of  nutrient  agar  a  moist,  shining,  white  layer  is  formed  along 
the  line  of  inoculation — impfstrich.  Blood  serum  is  slowly  liquefied 
by  this  spirillum.  Upon  the  surface  of  cooked  potato,  in  the  incu- 
bating oven,  a  rather  thin  and  semi-transparent  brown  or  grayish- 
brown  layer  is  developed.  In  bouillon  the  development  is  rapid  and 
abundant,  especially  in  the  incubating  oven  ;  the  fluid  is  only  sUghtly 
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Pro.  laOL— Cultures  in  nutrient  KelaUn,  at  the  room  temperature  (16°  to  18°  C),  at  the  oom- 
meiif-emf-nt  of  tht<  fourth  daj; :  a.  Spirillum  cholera  Asiatics ;  b,  Bplrlllutu  tyr<»goDuiai ;  c,  Spirillum 
of  Finkler  and  Prior.    G^umfrartcD.) 

clouded,  but  the  spirilla  accumulate  at  the  surface,  forming  a  wrin- 
kled membranous  layer.  Sterilized  milk  is  also  a  favorable  culture 
medium.  In  general  this  spirillum  grows  in  any  liquid  containing  a 
small  quantity  of  organic  pabulum  and  having  a  slightly  alkaline 
reaction.  An  acid  reaction  of  the  culture  medium  prevents  its  de- 
velopment, as  a  rule,  but  it  has  the  power  of  gradually  accommo- 
dating itself  to  the  presence  of  vegetable  acids,  and  grows  upon 
potatoes — in  the  incubator  only — which  have  a  slightly  acid  reaction. 
Abundant  development  occurs  in  bouillon  which  has  been  diluted 
with  eight  or  ten  parts  of  water,  and  the  experiments  of  "Wolffbugel 
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and  Riedel  show  that  it  also  multiplies  to  some  extent  in  steriUzed 
river  or  well  wat«r,  and  that  it  preserves  its  \itality  in  such  water 
for  several  months.  But  iu  milk  or  water  which  contains  other  bac- 
teria it  dies  out  in  a  few  days.  Gruber  and  Schottelius  have  shown, 
however,  that  in  bouillon  which  is  greatly  diluted  the  cholera  spiril- 
lum niiij-  take  the  precedence  of  the  common  saprophytic  bacteria, 
and  that  tboy  fonn  upon  the  surface  of  such  a  medium  the  charac- 
teristic wrinkled  film.  Koch  found  in  his  early  investigations  that 
rapid  multiplication  may  occur  upon  the  surface  of  moist  linen,  and 
alao  demonstrated  the  presence  of  this  spirillum  in  the  foul  water  of 
a  ' '  tank "  in  India  which  was  used  by  the  natives  for  drinking 
purposes.  In  the  experiments  of  Bolton  (1886)  the  cholera  spirillum 
was  found  to  multiply  abundantly  in  distilled  water  to  which 
bouillon  wtis  added  in  the  proportion  of  fifteen  to  twenty-five  parts 
in  one  thousand. 

The  thermal  death-point  of  the  cholera  spirillum  in  recent  cul- 
tures in  flesh-peptone-gelatin,  tis  determined  by  the  writer  (1887),  is 
52°  C,  the  time  of  exposure  being  four  minutes  ;  a  few  colonies  only 
develop>ed  after  exposure  to  a  temperature  of  50°  for  ten  minuted. 
In  Kitasato's  experiments  (18S9)  ten  or  even  fifteen  minutes'  expt)- 
Bure  to  a  temperatxire  of  55"  C.  was  not  always  successful  in  destroy- 
ing t!»6  vitality  of  the  spirillum,  although  in  certain  cultures  exposure 
to  50*  for  fifteen  minutes  was  successful.  Ho  was  not,  however, 
able  to  find  any  difference  between  old  and  recent  cultures  as  regards 
resistance  to  heat  or  to  desiccation.  In  a  moist  condition  tliis  spiril- 
Imn  retains  its  natality  for  months — as  much  as  nine  months  in  agar 
and  alx>ut  two  months  in  liquefied  gelatin.  It  is  quickly  destroyed 
by  desiccation,  as  first  determined  by  Koch,  who  found  that  it  did 
not  grow  after  two  or  throe  hours  when  dried  in  a  thin  film  on  a 
gla.ss  ower.  In  Kitasato's  experiments  (ISSO)  the  duration  of  vital- 
ity was  found  to  vary  from  a  few  hours  to  thirteen  days,  the  differ- 
ence depending  largely  upon  the  thickness  of  the  film.  When  dried 
upon  silk  threads  they  may  retain  their  vitality  for  a  considerably 
longer  time  (Kitj^i.satu).  Very  numerous  exjieriments  have  been 
made  to  determine  the  amount  of  various  disinfecting  agents  re^ 
quired  to  destroy  the  vitality  of  this  microorganism.  We  give  be- 
low the  result*  recently  reported  by  Boer  (1890),  whose  experiments 
were  made  in  Koch's  laboratory.  Experiments  upon  a  culture  m 
bouillon  kept  for  twenty-four  hours  in  the  incubating  oven,  time  of 
exposure  two  hours  :  hydrochloric  acid,  1  : 1,350 ;  sulphuric  acid, 
1  :  l,3i¥) ;  caustic  soda,  1 :  150  ;  ammonia,  1 :  350  ;  mercuric  cyanide, 
1  :  60,000  ;  gold  and  sodium  chloride,  1  : 1,000  ;  silver  nitrate,  1 : 4,000; 
aisenite  of  8o<la,  1  :  400  ;  malachite  green.  1  : 5,000  :  methyl  violet, 
1 : 1,000  ;  carbolic  acid,  1  ;  400  ;  creolin,  1  : 3,000 ;  lysol,   1  ;600.     la 
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Bolton's  experiments  (1887)  mercuric  chloride  was  effective  in  two 
hours  in  the  proportion  of  1  :  10,000  ;  sulphate  of  copper,  1  :  500. 

The  low  thermal  death-point  and  comparatively  slight  resisting 
I)ower  for  desiccation  and  chemical  agents  indicate  that  this  spiril- 
lum does  not  form  spores,  and  most  bacteriologists  agree  that  this 
is  the  case.  Hueppe,  however,  has  described  a  mode  of  spore  for- 
mation which  is  different  from  that  which  occurs  among  the  bacilli, 
■viz.,  the  formation  of  so-called  arthrospores  ;  these  are  said  to  be 
developed  in  the  course  of  the  spiral  threads,  not  as  endogenous  re- 
fractive si>ore8,  but  as  spherical  bodies  which  have  a  somewhat 
greater  diameter  than  the  filament  and  are  somewhat  more  refrac- 
tive. This  int)de  of  spore  formation  lias  not  been  observed  by  Kita- 
sato  and  other  bacteriologists  who  have  given  attention  to  the  ques- 
tion, and  cannot  be  considered  as  estiiblished.  In  competition  "ivith 
the  ordiuarj'  putrefactive  liacteria  the  cholera  spirilliini  soon  disap- 
pears, and,  as  determined  by  Neffehnan  and  by  Kit^isato,  they  only 
survive  for  a  few  days  when  mixed  with  normal  f;eces. 

A  tost  fur  the  presence  of  the  cholera  spirillum  has  been  found 
bv  Bujwid  and  by  Dunham  in  the  reddish- violet  color  produced  in 
bouillon  cultures  containing  peptone,  or  in  cultures  in  nutrient  gela- 
tin, when  a  small  quantity  of  sulphuric  acid  is  added  to  the  culture. 
According  to  Friinkel,  this  test  serves  to  distinguish  it  from  the  ordi- 
nary bactoria  of  the  intestine  and  frotn  the  Finkler-Prior  spirillum, 
but  not  from  Motschnikoff's  spirillum  {'*  ^nbrio").  The  reaction  is 
shown  by  bouillon  cultures  which  have  been  in  the  incubating  oven 
for  ten  or  twelve  hours,  and  by  gelatin  cultures  in  wliich  liquefac- 
tion has  occurred.  The  sxdphuric  acid  used  should  be  quite  pure  ; 
the  color  quicklj'  appears  and  is  reddish-violet  or  purplish-red.  Ac- 
cording to  Salkowski.  the  re<l  color  is  due  to  the  well-known  indol 
reaction,  which  in  cultures  of  the  cholera  spirillum  is  exceptionally 
intense  and  rapid  in  its  development.  A  test  which  is  said  to  dis- 
tinguish cultures  of  the  cholera  spirillum  from  the  spirillum  of  De- 
neke  and  that  of  Finkler-Prior,  has  been  proposed  by  Cahen.  This 
consists  in  adding  a  solution  of  litmus  to  the  bouillon  and  in  making 
the  culture  at  37°  C.  The  cholera  cultures  show  on  the  following 
day  a  decoloration  which  does  not  occur  at  this  temperature  with  the 
other  spirilla  named. 

For  determining  as  promptly  as  possible  whether  certain  suspected 
excreta  contain  cholera  s])irilla,  a  little  of  the  material  may  be  used 
to  inoculate  greatly  diluted  bouillon,  gelatin  plates  being  made  at 
the  same  time.  At  the  end  of  ten  or  twelve  hours  the  cholera  spiril- 
lum, if  present,  will  alrejuly  have  formed  a  characteristic  wrinkled 
film  upon  the  surface  ;  a  httle  of  this  should  be  used  to  start  a  new 
culture  in  diluted  bouillon,  and  a  series  of  gelatin  plates  made  from 
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it,  after  which  the  color  test  may  be  applied.  The  result  of  this,  in 
connection  with  the  morphology  of  the  microorganisms  forming  the 
film  and  the  character  of  growth  in  the  gelatin  plat«s,  will  estab- 
lish the  diagnosis  if  the  cholera  spirillum  is  present  in  considerable 
numbers.  If  but  few  are  present  in  the  original  material  it  may  be 
necessary  to  make  two  or  more  series  of  plates  and  bouillon  cultoies 
before  a  pure  culture  can  be  obtiiined  and  a  positive  diagnosis  made. 

Brieger  has  succeeded  in  isolating  several  toxic  ptomaines  from 
cultures  of  the  cholera  bacillus,  some  of  which  had  previously  been 
obtained  from  other  sources — cadaverin,  putrescin,  creatinin,  me- 
thyl-guanidin.  In  addition  to  these  he  obtained  two  toxic  sub- 
stances not  previously  known.  One  of  these  is  a  diamin,  resembling 
trimethylenediamin  ;  it  gave  rise  to  cramps  and  musciUar  tremor  in 
inoculated  animals.  TJie  other  poison  reduced  the  frequency  of  the 
heart's  action  and  the  temperature  of  the  body  in  the  animals  sub- 
jected to  experiment.  In  more  recent  researches  made  by  Brieger 
and  Frankel  (1S!X>)  a  toxalbuniin  was  obtained  from  cholera  cultures 
which,  when  injected  subcutaneously  into  guinea-pigs,  caused  their 
death  in  two  or  three  days,  but  had  no  effect  upon  rabbits. 

PfeifFer  in  1893  published  his  extended  researches  relating  to  the 
cholera  poison.  He  tiadn  that  receut  aerobic  cultures  of  tbo  cholera 
spirillum  coutaiu  a  specific  toxic  substance  which  is  fatal  to  guinea- 
pigs  in  extremely  small  doses.  This  substance  stands  in  close  rela- 
tion with  the  bacterial  cells  and  is  jwrhapa  an  integral  part  of  the 
same.  The  spirilla  may  be  killed  by  chloroform,  thymol,  or  by  desi- 
cation  without  apparent  injury  to  the  toxic  poteucy  of  this  sub- 
stance. It  is  destroyed,  however,  by  absolute  alcohol,  by  concen- 
trated solutions  of  neutral  salts,  and  by  the  boiling  temj^rature,  and 
secondary  toxic  products  are  formed  which  have  a  similar  physio- 
logical action  but  are  from  ten  to  twenty  times  less  potent.  Similar 
toxic  substances  were  obtained  by  Pfeiffer  from  cultures  of  Finkler- 
Prior's  spirillum  and  from  Spirillum  Metscbnikovi. 

The  spirillum  is  not  found  in  the  bloixl  or  in  the  various  organs  of 
individuals  who  have  succumbed  to  an  attack  of  cholera,  but  it  is 
constantly  found  in  the  alvine  discharges  during  life  and  in  the  con- 
tents of  the  intestine  examinetl  immediately  after  death ;  frequently  in 
almost  a  pure  culture  in  the  colorless  "  rice-water"  discharges.  It  ifl 
evident,  therefore,  that  if  we  accept  it  as  the  etiological  agent  in  this 
disease,  tlie  morbid  phenomeDa  must  be  ascribed  to  the  absorption  of 
toxic  substances  formed  during  its  multiplication  in  the  intestine.  In 
cases  which  terminated  fatally  after  a  very  brief  sickness  Koch  found 
but  slight  changes  in  the  mucous  membrane  of  the  intestine,  which 
was  slightly  swollen  and  reddened;  but  in  more  protracted  cases  the 
follicles  and  Peyer's  patches  were  reddened  around  their  margins,  and 
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an  invasion  of  the  mucous  membrane  by  the  "comma  bacilli  "  was 
observed  in  properly  stained  sections ;  they  penetrated  especiaUj' 
the  follicles  of  Lieberkiihn,  and  in  some  cases  wore  seen  between  the 
epithelium  and  basement  membrane.  As  a  rule,  the  spirillum  is  not 
present  in  vomited  matters,  but  Koch  foimd  it  in  sraaU  numbers  in 
two  cases  and  55'icati  and  Rietsch  in  three.  In  about  one  hundred 
cases  iu  which  Koch  examined  the  excreta,  or  the  contents  of  the  in- 
testine of  recent  cadavers,  during  his  stay  in  Egypt,  in  India,  and  in 
Toulon,  his  "  comma  bacillus ''  was  constantly  found,  and  other  ob- 
servers have  fully  confirmed  him  in  this  particular — Nicati  and 
Rietsch  in  thirty-one  cases  examined  at  Marseilles  ;  Pfeiffer,  twelve 
eases  in   Paris  ;    Schottelius  in  cases  examine<i  in  Turin  ;    Ceci  in 


,/"»'" 
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Fio.  181.— Sectloa  through  mucous  uiembnuie  of  iatestioe  from  cholera  cadaver;  a  tubular 
frland  (a)  la  cut  otiliquelj;  in  the  Interior  of  this  (b),  and  between  the  epitbelial  and  basement 
mRmbraoe.  ore  numeroua  spirQla.    x  (WO.    (FlOgge.) 

G}enoa,  etc.  On  the  other  hand,  very  numeroua  control  experiments 
made  by  Koch  and  others  show  that  it  is  not  present  in  the  alvine 
discharges  of  healthy  persons  or  in  the  contents  of  the  intestine  of 
those  who  die  from  other  diseases.  In  the  writer's  extended  bacte- 
riological studies  of  the  excreta,  and  contents  of  the  intestine  of  ca- 
davers, in  j'ellow  fever,  he  has  not  once  encountered  any  microor- 
ganism resembling  the  cholera  spirillum. 

As  none  of  the  lower  animals  are  liable  to  contract  cholera  during 
the  prevalence  of  an  epidemic,  or  as  a  result  of  the  ingfestion  of  food 
contaminated  with  choleraic  excreta,  we  have  no  reason  to  expect 
that  pure  cultures  of  the  spirillum  introduced  by  subcutaneous  inocu- 
lation or  by  the  mouth  will  give  rise  in  them  to  a  typical  attack  of 
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cholera.  Moreover,  it  has  been  shown  by  experiment  that  this  spi- 
rillum is  very  sensitive  to  the  action  of  acids,  and  is  quickly  de- 
stroyod  by  the  acid  secretions  of  the  stomach,  of  man  or  the  lower 
aninuils,  when  the  functions  of  this  organ  are  normally  performed. 
By  a  special  method  of  procedure,  however,  Nicati  and  Rietsch,  and 
Koch,  have  succeeded  in  producing  in  guinea-pigs  choleraic  symp- 
toms and  death.  The  first-named  investigators  injected  cultures  of 
the  spirillum  into  the  duodenum,  after  first  hgating  the  biliary  duct; 
the  animals  experimented  ujMjn  died,  and  the  intestinal  contents  con- 
tained the  spirillum  in  large  numbers.  The  fact  that  this  procedure 
involves  a  serious  operation  which  alone  might  be  fatal,  detracts 
from  the  value  of  the  results  obtained.  Koch's  experiments  on 
guinea-pigs  are  more  satisfactory,  and,  having  been  fuUy  controlled 
by  comparative  exi>eriments,  show  that  the  "  comma  bacillus "  is 
pathogenic^  fur  these  iuiirnals  when  introduced  in  a  living  condition 
into  the  intestine.  This  was  accomplished  by  first  neutralizing  the 
contents  of  the  stomach  with,  a  sokition  of  carbonate  of  soda — fiv« 
cubic  centimetres  of  a  five-per-cent  solution,  injecteil  into  the  stomach 
through  a  pharpigeal  cathet^ar.  For  the  purpose  of  restraining  in- 
testinal peristalsis  the  animal  also  receives,  in  the  cavity  of  the  abdo- 
men, a  tolerably  large  dose  of  laudanum — one  gramme  tincture  of 
opium  to  two  hundred  grammes  of  body  weight.  The  animals  are 
completely  narcotized  by  this  dose  for  about  half  an  hour,  but  re- 
cover from  it  without  showing  any  ill  effects.  Soon  after  the  ad- 
ministration of  the  opium  a  bouillon  culture  of  the  cholera  spirillum 
is  injected  into  the  stomach  through  a  phar^mgeal  catheter.  As  a 
result  of  this  procedure  the  animal  shows  an  indisposition  to  eat  and 
other  signs  of  sickness,  its  posterior  extremities  become  weak  and 
apparently  paralyzetl,  and,  as  a  rule,  death  occurs  within  forty-eight 
hours.  At  the  autopsy  the  small  intestine  is  found  to  be  congested 
and  is  filled  with  a  wator\'  fluid  containing  the  spirillum  in  great 
numbers.  Comparatively  large  quantities  of  a  pure  culture  injected 
into  the  abdominal  cavity  of  rabbits  or  of  mice  often  produce  a  fatiU 
result  within  two  or  three  hours  ;  and  Nicati  and  Rietsch  have  ob- 
tained exjierimental  evidence  of  the  pathogenic  power  of  filtered  cul- 
tures not  less  than  eight  days  old.  The  most  satisfactory  evidence 
that  this  spirillum  is  able  t<5  produce  cholera  in  man  is  afforde<i  by  aa 
accidental  infection  which  occurred  in  Berhn  (1884),  in  the  ciise  of  a 
young  man  who  w^aa  one  of  the  attendants  at  the  Imperial  Board  of 
Health  when  cholera  cultures  were  being  made  for  the  instioiction  of 
students.  Through  some  neglect  the  spirillum  appears  to  have  been 
introduced  into  his  intestine,  for  lie  suffered  a  typical  attack  d 
cholera,  attentled  by  thirst,  f  rtH^uent  watery  discrharges,  cramps  ill 
the  extremities,  and  partial  suppression  of  urine.     Fortunately  h« 
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recovered  ;  but  the  genuine  nature  of  the  attack  was  shown  by  tlie 
symptoms  and  by  the  abundant  presence  of  the  "  conimEi  bacillus" 
in  the  colorless,  watery  discharges  from  his  bowels.  Nicati  and 
Rietsch  observed  a  certain  degree  of  attenuation  in  the  pathogenic 
power  of  the  spirillum  after  it  had  been  cultivated  for  a  considerable 
time  at  20°  to  25°  C.  ;  and  the  observation  has  since  l*een  made  that 
cultures  which  have  been  kept  up  from  Krjch's  original  stock  have 
no  longer  the  primitive  pathogenic  potency. 

Cnuninghani,  as  a  result  of  researches  made  in  Calcutta  (1891), 
arrives  at  the  conclusion  that  Koch's  "c<imnia  bacillus"  cannot 
be  accepted  as  the  specific  etiological  agent  in  this  disease.  Tliis 
conclusion  is  based  upon  the  re^sults  of  his  own  bacteriological 
studies,  which  may  be  eummod  up  as  follows  :  First,  in  many  un- 
doubted Ctuses  of  cholera  lie  has  failed  to  find  comma  bacilli.  Seo- 
and,  in  one  case  he  found  three  different  species.  Th  ird,  in  one  case 
the  reiiction  with  acUls  could  not  be  obtainetl.  From  sixteen  cases 
in  which  Cunningham  made  cultures  he  obtained  ten  different  vari- 
eties of  cotnma  bacilli,  the  chariuct-era  of  which  he  gives  in  his  pub- 
lished report.  It  may  lie  that  in  India,  which  appears  to  be  the 
permanent  habitat  of  the  cholera  spirillum,  many  varieties  of  this 
microorganism  exist ;  but  extended  researches  made  in  the  laborato- 
ries of  Europe  show  that  Cunningliain  is  mistaken  in  supposing  that 
spirilla  resembling  K(x;h's  "  comma  bacillus  "  are  commonly  present 
in  the  intestine  of  healthy  persons.  The  view  advocated  is  that 
during  the  attack  these  spirilla  are  found  in  increased  numbei-s  be- 
cause conditions  are  more  favorable  for  their  development,  but  tliat 
they  have  no  etiological  import.  The  writer  would  remark  that,  in 
verj'  extended  researches  made  in  the  United  States  and  in  Cuba,  he 
has  never  found  any  microorganism  resembling  Koch's  cholera  spi- 
rillum in  the  faeces  of  patients  with  yellow  fever  or  of  healthy  indi- 
viduiils,  or  in  the  intestinal  contents  of  yellow-fever  cadavers. 

194.    SPIRILLUM  OF   FINKLER   AXD   PRIOR. 

.S//«onym.— Vibrio  proteus. 

Ot)taiiied  by  Piiikler  and  Prior  (1884)  from  the  fjeces  of  patients  with 
cholera  ncslnw.  after  allowing  the  dejecta  to  stand  for  some  days.  Subise- 
quent  researches  have  not  .sustained  the  view  that  thia  spirillum  is  the  speci- 
iic  cau.se  of  cholera  morbus. 

.Vo/tjAo/oj/;/.— Resembles  the  spirillum  of  Asiatic  cholera,  but  the  curved 
segments  ("  bucilli")  are  sonie.what  longer  and  thicker  and  not  so  uniform 
in  diameter,  tlie  central  portion  beings  usually  thicker  than  the  somewhat 
pttinted  ends;  forms  Kpiml  iilamenLs,  which  are  not  as  numerous,  and  are 
usually  shorter  than  those  formed  by  the  cholera  spirillum.  Inunfavoi-able 
media  involution  forms  are  common — large  oval,  spherical,  or  spindle 
sliape^l  cells,  etc.  Has  a  sinj^le  lla^Uum  at  one  end  of  tha  curved  segments, 
wliich  is  from  one  to  one  and  one-half  titues  as  long  as  these. 

4S7rtin«  with  the  usual  aniline  colors— l)est  with  an  a<iueou8  solution  of 
fuchsin. 
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Bioloffical  Chanfcters. — A.n  aeroNo  amlfcicultathv  anaerobic,  lujuefy- 
ing,  inhtile  s()inlliim.  Spoi-e  forinatioii  not  demonstrated.  Grows  in  the 
Usual  culture  media  at  the  room  temj>e  rat  tire.  Upon  g-elatin  plates  sma]l, 
wldte,  punctiforni  colonies  are  develojjod  at  the  end  of  twenty  four  hour*, 
which  under  the  microscope  are  seen  to  be  finely  granular  and  yellowish  or 
yellowish-brown  in  color;  liquefaction  of  the  gelatin  around  these  colonies 
progresses  riijiidly,  and  at  the  end  of  forty-eight  hoiirs  is  usually  complefeiii 
plates  where  th<>y  are  numurous.  Isolated  colonies  on  tlie  second  day  form 
saucer-shaped  depressions  in  the  gelatin  the  si/e  of  lentils,  having'  a  s}mr})ly 
defined  bortler.  In  gelatin  stick  cultures  liquefaction  nrogres-ses  much  more 
rapidly  than  in  similar  cultures  of  the  cholera  spirillum,  and  a  st<K;king- 
shap'U  pouch  of  liquefied  gelatin  is  ah'cady  seen  on  tin  second  day,  which 
rapidly  inor<n»si's  in  dimensions,  so  that  by  tlie  end  of  a  week  the  g:elatjn  is 
usually  completely  liquefied ;  upon  the  surface  of  the  liquefied  medium  a 
whitisu  film  is  seen.  Upon  ogar  a  raoi.st,  sliujy  layer,  covering'  the  entire 
surface,  is  quickly  developed.     The  growth  in  blood  serum  is  rapid  and 


Fio.  im. 


V 


Fia.  183. 


Fia.  164. 

X  J.OOO.   Prom  «  plMMciPBta<»- 


Fin.  189.— Spirillum  o(  Fliikln-  and  Prior,  from  »  gelatin  caiture. 
graph.    CFriinkel  and.  PfeUTer.) 

Fio.  188.— Spli  ilium  of  FInkler  nai  Prior;  coinmlcs  upon  e«latin  plate;  n,  end  of  sixtHni  bnora; 
b,  tad  of  twenty 'four  liours ;  c,  end  of  thlrty-gii  houra.    x  80.    OT'Sff*  ) 

Fio.  184.— S!>lrillum  of  FiDlcler  and  Prior;  culture  Id  autrient  geUtln;  c,  two  da^ old;  d,  four 
days  old.    (Fiagpe.) 

causes  liquefaction  of  the  medium.  Upon  jM^aYo  this  spirillum  grows  at  tiM 
room  temperature  and  produces  a  slimy,  gravish-yellow,  glistening  layer, 
which  soun  extends  over  the  entire  surface.  The  cholera  spiril  lum  thics  ik>1 
grow  upon  potitto  at  the  room  temperature,  Tlie  cultures  of  tlie  Finklcr 
Prior  spirillum  give  off  a  tolerably  strong  putrefactive  odor,  and,  according 
to  Buchuer,  iji  media  containing  sugar  an  acid  reaction  is  produced  as  a  re- 
sult of  their  development.  They  have  a  greater  resistance  to  desicoatioQ  tlian 
the  cholera  spirillum. 

Pathoqenesig. — Pathogenic  for  guinea-pigs  when  injected  into  Ui« 
stomach  oy  Koch's  method,  after  pi-evious  injection  of  a  solution  of  car- 
bonate of  soda,  but  a  smaller  proportion  of  the  animals  die  from  such  injee- 
tions  (Koch).     At  the  autopsy  the  intestine  ia  pale,  and  ita  waterj'  conteofa^ 
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185.  —  BplrtUum   tyroKO- 
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which  contain  the  spirina  in  great  nunibei-s,  have  apeuetrating',  putrefaclive 
odor. 

195.    SPIRILLUM   TYROOKNUM. 

Synonyma  — Spirillum  of  Deneke;  Kasespirillen. 
Obtained  by  Deneke  (1883)  teuta  old  cheese, 

MorphuhMfy. — Curved  rotls  and  long,  spiritl   filaments  resembling'  the 
spirilla  of  Asiatic  cholera.    The  diameter  or  the  curved  segments  is  some- 
what less  than  that  of  the  cholera  spirillum,  and  the  turns  in  the  spiral  fila- 
ments are  lower  and  closer  tusfetlier.    The  diame- 
ter of  the  "eonimas"  is  uniform  thnvuffhout,  so 
that  tliia  spirillum  more  closely  resembles  the  _  . 

cholera  spirillum  than  does  that  of  Finkler  and 
Prior. 

Stains  with   the  usual  aniline    colors — best 
with  an  ac^ueous  solutiotj  of  fuchsin. 

Bioiogical  Characters. — An  aerohic  and/a<*- 
ultatiiv  anaerobic,  liqiwfyiinf,  niofile  s])irinnm. 
Spore  formation  not  demonstrated.  Gmws  in 
the  usual  culture  media  at  the  mom  tempecature 
— more  nii>idlv  than  the  cholera  spirillum  and 
less  so  than  tEiat  of  Finkler  and  Prior.  U]>nn 
j/ir/«/mp/a^e»  small,  puncliform  cotuniesare  developed,  which  on  the  second 
day  are  about  the  size  of  a  pin's  head  and  have  a  yellowish  color;  under 
the  microscope  tlieyare  seen  to  he  coarsely  granular,  of  a  yellowish -green 
color  in  the  centre  and  paler  txjWiinlii  the  martrins.  The  outlines  of  the  colo- 
nies ai-o  sharply  defined  at  first,  but  later,  when 
liquefaction  lia.s  commenced,  the  sharp  contour 
is  no  longer  seen.  At  first  liquefaction  of  the 
gelatin  causes  funnel-shaped  cavities  resembling' 
those  formwl  by  the  cholera  spirillum,  but  lique- 
faction is  moi-e  i*apid.  In  gelatin  stick  fulture.a 
liquefaction  occin-s  all  along  tkie  line  of  punc- 
ture, and  the  spirilla  sink  to  the  bottom  of  the 
liauefied  gelatin  in  the  form  of  a  coiled  mass, 
wnile  a  thin,  yellowish  layer  forin.s  upon  the 
surface;  complete  liquefaction  usually  occurs  in 
about  two  weeks.  Upon  the  surface  of  fitjnr  a 
thin,  yellowish  layer  forms  along  the  impf- 
fitrich.  U|Hm  potatn,  at  a  temperature  of  37'  C., 
a  thin,  yellow  laj-er  is  usTially  developed  (not  always -Eisenberg);  this 
contaiJis,  as  a  rule,  beautifully  fornunJ,  long,  spiral  fihimcnts. 

Pathogenenis. — Patliogeuic  for  guiiicji-pigs  when  intrdduced  into  the 
stomach  by  Koch's  method;  three  out  of  fifteen  animals  treated  in  this  way 
succumbed, 

190.   SPIRILLUM  MET8CHNIKOVI. 

SuHonytn. — Vibrio  Metschnikovi  (Gameleia). 

Oofmned  by  Gameleia  (1888 >  from  the  intestinal  coment.-^  of  chickens 
dying  of  an  infectious  disease  which  prevails  in  certain  parts  of  Russia  dur- 
ing the  summer  months,  and  which  in  some  respects  resembles  fowl  cholera. 
The  experiments  of  Gameleia  show  that  the  spirillum  under  considenition  is 
the  cause  of  the  di.sease  referred  to,  which  he  calls  gustro-enteritis  cholerica. 

Morjihology. — Curved  nnls  with  rounded  ends,  and  spiral  filament.s;  the 
curved  segments  are  u.suallv  snmewliat  shorter,  thicker,  and  more  decidedly 
curved  than  the  "  cointna  liacillus"  of  Kf)ch.  The  size  ditfei-s  very  con.sid- 
erably  in  the  bliHH)  ui  inoculated  pigeons,  the  diameter  being  sometimes 
twice  as  great  a.s  tliat  of  tiie  cliolera  spirilhun,  and  at  othei-s  about  the  siime. 
A  single,  long,  undulating  Hagellum  may  be  seen  at  one  extremity  of  th6 
spiral  filaments  or  curvtsl  rtxis  in  pmperly  stained  pxfparations. 
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Sfaina  with  the  usuiU  aiiiline  colors,  but  not  by  Gram's  method.  

Bioloi/ical  Chai'octers.—Xn  aitrobic  (facultative  auaerobic  ?),  Uqueff- 
ing.  mottle  siurilluiii.  Acoordiug^  to  Gainal6ia,  endogenous  spores  are  formed 
by  this  spu'illum;  but  Pfeitfer  does  not  eoiitirm  tliis  observation,  and  it  niuirt 
be  Ci>iisider«*d  exti-«^iiielv  doubtful  in  view  of  the  sh^t 
i-iMisUitice  to  heat  — killed  in  live  minutes  by  a  temperatuie 
nf  ;>D  O.  Grows  in  the  usual  cultui-e  media  at  the  room 
trrriperiitiire.  Ui)on  gelatin  pJntfS  small,  ■vvliite,  puncti- 
form  colonies  are  develi  ^M-d  at  tlie  end  of  twelve  to  six- 
tt'eii  ]r>ui-s  ;  these  raiii<]ly  incivase  in  size  and  cause  lique- 
faction of  the  g-elalin.  wliieh  is,  however,  niucli  more  mptd 
with  sionie  th:m  witli  olliers.  At  the  end  of  tlir«*  dayi 
larjfc,  saucer-like  atvjis of  licjiiefoftion  may  In'  8»<en,  rest>m- 
bltny:  that  iM-odurcd  by  the  Fitikler-Prior  spirillum  and  the 
cniitcnls  of  which  are  turbid,  wbile  otlier  colonies  have 
produced  snudl,  fuinicl-sliaf)ed  cavities  filled  with  trans- 
])arf'iit,  HqueHe<i  gehilin  and  reseniblinef  coloniee  of  the 
iholei-a  spirillum  of  the  same  age.  Umler  flie  microscope 
the  larger  liquelii'd  areas  are  seen  to  contain  yellowisii- 
biHjwu  granular  musses  which  are  in  active  niovenient.  and 
tJie  luarfrins  are  suri-oundetl  by  a  l>onler  of  radiating  fil«- 
luents,  lu  gelatin  stick  cultures  tlie  growth  i-esembles  tbuJ 
of  the  oliolera  spirillum,  but  the  di-velupment  is  more  rap- 
id. I'pon  agar,  at  37^  C,  a  yelKiwisa  layer  i-esembliM 
that  formed  by  the  eliolera  spirillum  is  quickly  developei 
U]Hjn  jiulato  no  pifwih  o<'<'urs  at  the  room  temperature, 
but  at  37"  C.  a  yellowish-brown  or  chocolat-e-eolored  layer 
is  formed,  wliicli  closidy  resembles  that  produced  bv  the 
cholei"a  spirillum  under  tlie  same  eiiTumstances,  In  fcoiii'Z- 
lon.  at  37  C,  development  is  extremely  rapid,  and  the 
liiiuid  Ix'conies  clouded  and  opaque,  hitvinga  gr»yisli-wbit« 
colur.  while  a  thin,  wrinkled  film  forms  uix)n  the  surface. 
When  muriatic  or  sulphuric  acid  is  added  to  a  vulture  io 
p«-ptonized  bouillon  a  n-d  color  is  pro<luced  similar  to  that 
produceil  in  cultun-s  of  the  cholera  spiril hi ru,  and  even  moro  pronounced. 
In  milk,  at  35°  C,  mpid  development  oecm-s,  and  the  milk  is  coagulated  ftt 
the  end  of  a  week;  the  precipitjited  ctisein  accumulates  at  tlie  bottom  of  the 
tul>e  in  in-cg'ular  maases  and  is  not  reeli.ssolved.  The  milk  acqiures  aBtrongiy 
acid  reaction  ami  the  spirilla  quickly  jierish. 

PaHiogenenis. — Patliog^^nic  for  chicken.s,  pigeons,  and  guinea-pigs;  rah 
bits  and  mice  are  refractory  e.vccnt  f<tr  vi-ry  larife  doses.  Chickens  suffering 
from  llie  infectious  disea.se  caused  by  this  s|iirL!hmi  remain  quiet  and  soimiu- 
lent,  with  nitHed  feathers ;  tliev  have  diarrluea;  the  temix-rature  is  not  ele- 
vated above  the  normal,  as  is  the  case  in  chicken  cholera.  At  the  autopcr 
the  most  constant  api>earance  is  hviiertetuia  of  the  entire  alimentary  cfUuX 
A  grayish-yellow  liquid,  more  or  less  mixed  with  bl<Mxl,  is  found  in  con- 
siderable ijuiuitity  in  the  stnall  int<.«tine;  the  S])h'en  is  not  enlarged  and  tlie 
organs  gt'nerally  ai-e  nnrinal  in  apinearancc.  In  adult  chickens  the  spirilluni 
is  not  found  in  the  blood,  but  in  young  r)ues  its  pr«*,sence  may  be  verified  by 
the  culture  method  and  by  inoculation  into  pigeons,  which  die  in  from 
twelve  to  twenty  hours  after  being  inoculate<f  with  two  to  four  cubic  cen- 
thnel!-ea.  The  pathological  atqHv'irances  in  prgeH)ns  corresiwnd  with  thoor) 
found  in  chickens,  but  usually  the  spirillum  is  found  iu  great  numbers  in 
blood  taken  frf>m  the  heart.  A  few  drops  of  a  pure  culture  inoculated  sub- 
eutaneously  in  pigeons  or  injected  into  the  muscles  cause  Uieir  dvttth  iu 
eight  to  twelve  hours.  Gameleia  chiims  that  the  virulence  of  cultun*  is 
greatly  incrt>a.sed  by  successive  inotnilations  in  pigeons,  but  PfeifTer  hm 
shown  that  very  minute  doses  are  fatal  to  pigeons  and  that  no  decided  in- 
crease of  virulence  occure  as  a  result  of  auccei«ive  inoculations,  Aocordinr 
to  Gameldia,  chickens  may  be  infected  by  giving  tliein  food  contamiixMtfla 
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with  the  cultures  of  the  spirillum,  but  pigeons  resist  infection  in  tliis  way, 
Guinea-piiB^s  usually  die  in  from  twi'nly  to  twenty-four  huurs  after  i-ecciving 
a  subcutaneous  inoculiitioii  ;  at  the  autitpsy  an  extensive  subcutaneous 
oedema  is  found  in  the  vieiuity  of  the  poijit  ai  inoculation,  and  a  superficial 
necrosis  may  be  ol>served  ;  the  blood  and  the  orfpins  generalh'  contain  the 
**  vibrio  "  in  great  numbers,  showing  that  the  aninvnls  die  from  general  in- 
fection— acute  septicjemia.  When  infection  ixx-urs  in  these  animals  bv  way 
of  the  stomach  the  intestine  will  be  fouud  highly  inflamed  audits  liquid  oon- 
tentii  will  contain  nunker<His  spirilla. 

Gameleia  has  shown  that  pi"TJons  and  guinea-pigs  may  be  made  immune 
by  inoculating  them  with  sterimed  cultures  of  tlie  spirillum— stt'^rilized  by 
heat  at  100  C.  Old  cultures  contain  more  of  the  toxic  substance  than  those 
of  recent  date,  Thus  two  to  tlirpc  ctibiccentimetces  of  a  culture  twenty  days 
old  wilj  kill  a  guinea-pig  wlien  injected  8ubcutane<msly,  while  five  cubic 
centimeti-e«  of  a  cultiii-e  five  days  t>kl  usually  fail  to  du  so.  According  to 
Pfeiffer,  old  cultures  have  a  dtn'tdedly  alkaline  reaction,  and  their  toxic  power 
is  neutralized  by  tlie  addition  of  sulphuric  acid. 

Gameleia  has  claimed  tliat  by  jiiissing  the  cholera  s]>irillum  of  Koch 
through  a  series  of  pigeons,  by  successive  intK-ulation,  its  pathogenic  jiower 
is  greatly  increased,  and  that  when  sterilized  cultures  of  tbia  v-irulent  vari- 
ety of  the  "  comma  baciUus  "  are  injected  into  pigeons  they  become  imnuine 
against  the  pathogenic  action  of  the  "  vibrio  Metsc-hiiikoff,  and  the  reverse. 
Pfeifier  (1881)),  in  an  extended  and  carefully  conducted  research,  was  not 
able  to  obtain  any  evidence  in  support  of  this  claim. 

NOTES  RELATING  TO  THE  PATHOGENIC  SPIRILLA. 

During  the  past  three  or  four  years  quite  a  number  of  spirilla 
have  be<?n  obtaiued  from  various  sources  which  resemble  more  or 
less  closely  the  spiriltum  of  Asiatic  cholera.  It  appears  probable 
that  some  of  these  are  in  fact  varieties  of  Koch's  "  comma  bacillus  " 
which  have  undergone  various  modificatiotiiS  as  a  result  of  the  con- 
ditions under  which  they  have  maintained  their  existence  as  sapro- 
phytes. Otliers  are  evidently  essentially  different,  and  have  no  very 
near  relationship  to  the  cholera  spirillum.  The  principal  points  of 
difference  between  these  recently  described  spirilla  and  Spirillum 
cholerje  Asiaticoe  are  given  in  the  following  resume,  for  which  we 
are  indebted  to  Dieudonnu  (18'.)4). 

"Since  the  outbreak  of  cholera  in  1892,  various  vibrios  have  been  de- 
scribed which  n-sembie  more  or  less  closely  the  cholera  vibrio.  Wln'u  these 
are  tested  as  to  their  morphological  characters,  gwiwth  in  i>eptoiuj  solutions, 
in  gelatin  and  agar  plates,  cholera-i"ed  reaction,  ami  pathogenic  jjower,  they 
may  be  divided,  at  the  outset,  into  two  groups  :  viz.,  such  vibno.'s  as  show 
only  a  ivmote  resemblance  to  the  cholera  vibrio,  and  therefore  are  easily  dif- 
fercntiatt-d  from  it,  and  such  a.H  present  only  minor  ditterences  or  none  at 
all  that  have  been  demonstrated. 

"To  the  first  group  belongs  the  spirillum  isolated  by  Rus.sell  from  sea 
water — Spirillum  riannum — which  rapidly  liqnefies  gelatin  and  does  not 
grow  at  the  IkhIv  temperature.  Eenon  Isolated  from  water,  obtained  at  Bil- 
lancourt,  a  vibrio  which  likewise  quickly  liquefies  gelatin,  but  is  not  patho- 
geuic  for  guinea-pigs,  either  by  suljcutaneous  or  intraperitoneal  iiHH'tilaticm. 
Giinther,  in  examining  the  Spi-ee  water,  found  a  vibrio  which,  uiK>n  gelutiu 
plates,  formed  circular  colonies  with  smotjth  margiiis,  very  linefy  gramilar 
and  of  a  brown  color.  This  vibrio  did  not  give  the  iudol  reaction,  and  all 
infection  experiments  gave  a  negative  result.    Giinther  named  this  sapro- 
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phyte  Vibrio  aquatilis.  About  the  same  tiuie  (1892)  Ei««sling  obtained  from 
water,  fi-om  Blankenese,  a  vibrio  which  presentO'd  similar  characters  and 
probably  is  identical  with  that  of  Giintht'r.  Weibel  obtained  fT-om  well-water 
a  vibrio  which  liquefies  gelatiu  nvore  rapidly  than  the  cholera  vibrio ;  its 
pathog(!uic  actiou  was  not  tested.  Bujwid  (189.'J)  isolated  from  Weiciwel 
wati^r  a  vibrio  which  at  low  tenipi^raturea  (12'  C.)  grew  almost  the  sameaa 
the  cholera  vibrio,  but  at  higher  temperatures  was  easily  disthiguinhed  from 
it.  Bujwid'H  assistant,  Orlowski,  found  iu  a  well  at  Lublu  u  very  similar 
vibrio.  LiJHlor  {18931  obtaijied  fi"om  the  Peene  water  a  vibrio  which  at  37' 
C.  pi-ows  rapidlv  and  liciueBes  g-elatin  very  rapidly,  like  the  Fiukler-Prior 
spirillum.  Foktor  (1893),  from  water  of  tlie  harbor  at  GrciuLugeu,  obtained 
a  vibrio  vvliich  ra]>idly  liquefied  gelatin  and  occasionally  ffave  the  iudol  r&- 
action.  Injections  into  the  peritoneal  cavity  of  mice  and  g-uLnea-pigs  g&T« 
a  nepitive  result.  Fokker  supjKises  ihat  this  is  an  atteuuatetl  cholera  Micil* 
lu.s,  becau.'w  it  forms  the  same  ens\^ne  aa  cholera  biu-teria,  and  when  culti- 
vated for  three  months  its  characters,  especially  ita  peptonizing  p<jwer,  had 
changed.  Fi.scher  (1893)  found  in  the  stfxils  of  a  woman  sufferinnj  fn)m  diar- 
rha*a  a  vibrio  which  iti  gelatiji  cultures  resembletl  that  of  Finkler  and 
Prior.  Iu  bouillon  and  peptone  solution  it  cau.sed  clouding  and  formation  of 
a  pellicle,  Imtonly  pave  a  .slight  iudol  reaction.  A  portion  of  the  mice  Ln- 
oculate<l  subcutancously  ha<l  after  a  time  abscesses,  from  the  contents  of 
wliirli  Fischer  was  able  to  culttvatt^  his  vibrio,  which  he  named  Vibrio  helco- 
g^ues.  Vog-ler  (1893),  in  aji  e.\'tended  series  of  examinations  of  fa*ces,  found 
a  vibrio  which  showed  many  points  of  resemblance  to  the  cholera  vibrio  in 
its  growth  in  gelatin.  But  it  constiintly  gave  a  negative  indol  reaction,  and 
was  not  pathogenic  for  guinea-pigs  when  mjeetwl  into  the  peritoneal  cavity, 
Blcisch  obtained  fnnn  the  dejeefa  of  a  man  who  died  with  choleraic  KjtinptomB 
a  bacterium  which  u{jon  gelatin  plal^-s  grew  at  iirst  like  the  cholera  bacillus,  but 
was  distinguished  from  it  by  many  )H>inls  of  ditfei"ence  in  other  respects: 
short  r<Kls,  souietimes  bent,  but  never  showing  8])iral  forms.  It  gave  the 
cholera  red  reaction.  Wolf  (1883)  obtained  from  cervical  secretion,  from  a 
woman  suffering  from  chronic  endometritis,  acomma-fomied  bacillu.-*,  which 
in  its  growth  on  gelatin  plates  resembled  the  cholera  vibrio.  The  liquefac- 
tion was,  however,  much  more  rapid,  a  culture  a  day  old  Ijeing  as  far  ad- 
vanced as  a  ehfdera  culture  of  three  to  four  days.  The  addition  of  sulphuric 
acid  to  a  bouillon  culture  caused  a  faint  rose-red  color,  which  upon  stAndiug 
changed  to bix)wn.  The  iuldition  of  sulphuric  acid  and  ij«itas.sium  iodide  pasta 
did  not  cause  a  blue  ci>lor,  so  there  wa-s  no  formation  of  nitrites.  Bonhoff 
(1893),  in  water  from  St<d{>t%  in  Ponnuerania,  discovered  two  vil)rios,  one<rf 
which  in  the  first  twenty -four  liours  grevr  like  the  cholera  vibrio,  but  ilid  not 
give  the  choleni-red  reiu-tion.  Out  of  four  guinea-pigs  inoculatied  one  only 
.died  with  cholera-like  Hyin|>toms.  The  other  vibrio  gave  the  cholera-red  reac- 
tion, litit  cLid  not  liquefv  gelatin  and  was  verj' inconstant  asre<jards  its  patho- 
genic power.  Zorkenddrfer  (1893)  isolated  a  vibrio  from  tlie  .stojls  of  a 
woman  who  died  with  choleraic  symptoms,  which  ai  first  grew  up«)n  gelatin 
plates  like  the  cholera  vibrio,  but  after  the  second  d.ay  liquefied  the  gelatin 
very  rapidly,  so  that  it  could  no  longer  be  taken  for  the  same.  The  indol 
reaction  was  constantly  absent,  and  it  was  not  pathogenic  for  guinoa-piffs, 
rabbits,  or  pigeons.  Biackstein  (1SS3)  obtained  from  the  water  of  the  Seine 
acammabacillus  which  resembled  the  cholei'a  vibrio  in  man}*  particulars,  but 
was  distinguished  by  the  finer  granulation  and  more  opaque  appearance  of 
it«  colonics.  Sanarelli  (1893),  by  tiieu.se  of  special  media,  isolate  from  the 
water  of  the  Heine  and  of  the  Mame  no  less  tlian  thii-ty-two  vibrios,  four  of 
which  re.sembled  the  cholera  vibrio  in  giving  tlie  indol  reaction.  ThrM 
othere  gave  the  indol  reaction  after  eight  days  ;  the  remainder  did  not  give  it 
at  all,  or  only  very  faintly.  The  vibrios  which  upon  a  first  inoculation  gav« 
no  results  or  only  very  slight  evidence  of  pathogenic  power,  when  carried 
tlu-ough  a  series  of  animals  cau.sed  a  fatal  infection.  W  hen  a  sterilized  cul- 
ture of  the  colon  bacillus  was  injected  at  the  same  time  death  always  oc- 
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cuired.  SanarelH  believes  that  these  vibrios  must  have  liad  a  common  ori- 
gin— from  the  dejecta  of  cholera  patients.  Fischer  (1694)  has  described  a 
number  of  vibrios  from  sea-water  which  are  distingTiished  from  the  cholera 
vibrio  especial ly  by  a  preference  for  media  cnntaininisf  sea- water.  Finally, 
the  vibrios  found  in  water,  referred  to  by  Koch  ( '  Ueljer  den  aupenblie  klichen 
Stand  der  Cholera -diagnose/  Zeitachf.  fur  Hyyiene,  Bd.  xiv.,  page  319), 
belong  here. 

"  Quite  tUfFerent  from  these  is  a  second  group  of  vibrios  which  in  their  in- 
vestigation offered  great  and  often  almost  insuwrable  difficulties  for  the 
differential  diagnosis.  Here,  first  of  all.  is  the  Vtorio  Berolinensis,  found  by 
Neisser  in  August,  1893,  and  descrilied  by  Rubner,  Neisser,  and  GUnther. 
This  was  isolated  fixDni  water  which  ha<l  pi'eviously  contained  cholera  %-ibrio8, 
for  which  rt';iiii;Mi  Dunbar  considers  it  not  impossible  that  this  is  a  genuine 
cholera  vibrio,  somewhat  changeil  perhaiis  by  long-coutinueil  deveiiipinent 
in  watei'.  Neither  bi  its  morphology  nor  in  its  behavior  in  gelatin  stick  cul- 
tures, in  milk  and  other  media,  could  it  he  distinguished  from  tlie  genuine 
comma  bacillus;  the  indol  n>a<'tion  and  pathogenic  action  ujion  guinea-pigs 
were  the  same  ;  on  the  contrary,  a  differentiation  was  easily  mrnle  in  gelatin 

Elate  cultures.  At  the  end  <»f  twenty -four  hours  it  formecf  small,  sphericid, 
uelv  granular  colonies,  which  at  the  end  of  forty-eight  hours  weiv  not  yet 
visible  to  the  naked  eye.  Heider  (IH93)  i.solated  from  the  water  of  the  Donau 
canal  a  vibrio  wliich  he  called  Vibrio  Danubicus.  This  resembles  the  chol- 
era vibrio  fully  in  its  morphologv.  As  a  distingnishing  character  it  whs 
found  that  tliis  vibrio,  in  thinly  planted  plates,  forms  flat,  suiK-rficial  colo- 
nies having  irregnhirly  rountlcd  margins  and  other  slight  ditrerences;  al.so 
the  iMktliogeuic  action  upon  mice,  inociilated.subcutaiieously,  and  the  ease  with 
wliicli  guinea-pigs  are  infected  by  way  of  the  respiratory  passages.  It  is 
worthy  of  note  tliat  the  day  after  (lie  sanijile  wfis  taken  a  man  was  taken  sick 
with  cholera  who  liatl  worked  "jn  the  Donau  the  day  befon? — <^)n  the.  priijcijml 
stream  at  a  place  far  below  the  junction  of  the  canal.  Dunbar  (1893j  found 
vibrios  in  the  Elbe,  in  tlie  Rhine,  in  the  Pegnitz,  and  in  the  Anislel  at  Amster- 
dam. These  presented  iii>  decided  chjiractej-s  by  which  he  wa.s  able  to  differ- 
entiate thcni  from  the  cholera  vibrio.  TJie  most  careful  comparative  investi- 
gations did  not  lead  Ui  the  discovery  of  any  points  of  diffei-ence  which  had 
not  already  been  nl)serve<l  in  genuine  cholera  cultures.  Everything,  there- 
fore, indicated  tluxt  these  were  genuine  cholera  bacilli,  especially  as  these 
vibrios  disap]>eared  from  the  rivers  when  cholera  ceased  to  prevail.  It  was 
first  |K»ssibIe  thrt>ugh  an  olwervatiou  of  Kutscher's  to  differentiate  a  portion 
of  these  water  bacteria,  and  certiiin  vibricw  isolated  from  the  discharpps  of 
per8»>ns  suspected  of  haN^iiig  cholera  from  cultui-esof  the  cholera  s|)iriTluni. 
In  the  pi*eseuce  of  oxj^gen,  at  asuitable  temperatuj-e,  tliey  give  olf  a  greenish- 
white  pliosphoi-estience. 

"As  phosphorescence  has  never  been  oliserved  in  imdonbted  cholera  cul- 
tures, we  can  assert  with  tolerable  cei'tainty  that  such  pliosidiorescent  vibrios 
are  not  genuine  cholera  bacteria.  But  as  this  phns])lioiiscent  property  was 
inconstant  in  thirty-eight  out  of  sixty-eight  cultures,  Dunlmr  believes  that 
some  rest^rvc  must  be  exercised  in  accepting  this  as  evidence  that  these  are 
not  genuine  cliolcra  vibrios.  Maas.'*en  (1894j  givesas  a  further  distinguishing 
character  of  these  phosphorescent  vibrios  the  fact  that  they  form  a  strong, 
usually  wrinkled  pellicle  in  bouillon,  of  projjer  alkalinity,  c«»ntaining  gly- 
cerin or  carlwhyd tales  (cane  sugar,  lactose) ;  also  that  in  such  medra  the 
formation  of  indol  and  a  suljaeqiient  return  t«>  an  alkaline  reaction  may  be 
observed. 

*'  As  already  stated,  SanarelH  isolated  from  Seine  water  a  considerable 
number  of  vibrios,  and  among  them  four— viz. :  one  from  St.  Cloud,  Point- 
du-Jour,  Gennevilliera  Ho.  5,  and  Versailles  (Seine),  which  after  twentj--four 
hours  gave  a  distinct  indol  reaction  and  were  more  or  less  pathogenic  for 
guinea-pigs  (the  one  from  St.  Cloud  w:is  also  pathogenic  for  pigeons).  Ivan- 
otf  (189.'i>  describes  a  vibrio  which  he  is<jlated  fi-omthe  f^ces  of  a  patient  with 
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typhoid  fever.  But  as  the  discharges  had  Iwen  mixed  with  Berlin  hydrant 
water,  Ivdnoff  admits  the  itu-ssihiliu-  that  Itis  vihrio  caine  from  this  waU;r. 
It  closely  resembles  the  cholera  vibrio,  but  i.s  distinguished  by  its  oolonii's  in 
gi'latin  )>late.s,  which,  at  the  cud  of  tweuty-four  to  tliii"tj'-six  hours,  in  plat^e 
of  tiie  usual  r.oarse  granulation  of  cholera  colonies  shows  a  distinct  formation 
of  filanients.  Mornholof^icaily  the  vibrio  ia  distinguished  by  a  decided  tcu- 
dem-y  to  preserve  tue  sniral  form,  and  esiK-cially  by  its  size.  Celli  and  Sau- 
tori  (IH93)  describe  a  Vibrio  i-oruaiius,  wliich  they  isolated  from  twelve 
undoubted  cases  of  cholera.  This  does  not  ^ive  the  indol  reaction,  is  not 
iKithoKenic  for  aumuU.s,  aud  does  not  prow  m  bouillon  or  a^far  at  37'  C. 
This  IS  considered  by  the  authoi-s  named  an  atj-picul  variety  of  the  cholera 
vibrio,  especially  as  the  <listiiipnishijig'  characters  did  nnt  pi-ove  to  be  |»errna- 
nent.  After  eight  months'  culti  vati<jii  the  cultures  gave  the  indol  rea<-tion,  but 
the  jMithogenic  power  was  still  almost  absent.  Recently  Chantemesse  {18'.Mj 
has  described  a  vibrio  which  he  found  in  the  spriug  of  1894  during  the  chol- 
ei"a  epidemic  at  Lisbon.  This  jJiffeivd  in  many  particulars  from  tlie  genuine 
cholei*a  vibrio,  resembling  more  closely  the  vibrio  of  Finkler-Prior.  As  in 
the  Lisbon  epidemic,  with  a  large  numlier  taken  sick,  only  one  death  occurred, 
aud  in  view  of  the  results  of  the  bacteriological  examination,  Pliiiiiliiiimiii 
supposes  this  to  have  l>een  an  epidemic  of  cliolera  nostras.  Finally,  Ffahl 
(1894)  found  a  vibrio  in  (he  north  harl>or  of  Berlin  which  from  its  growth  in 
gelatin  and  pathogenesis  for  pigeons  he  believes  to  be  identical  with  Vibrio 
Metschnikovi." 

To  the  list  of  vibrios  above  referred  to  as  resembling  more  or  leas 
closely  the  cholera  spirillum  we  must  add  those  described  by  Cun- 
uinghtuii  (180-1)  and  obtained  by  hira  from  the  discharges  of  cholera 
pitients.  He  has  described  "thirteen  distinct  forms  obtained  from 
cases  of  cholera  and  one  of  non-choleraic  origin." 

Pfeiffer  and  lasaeff  (1 894),  in  a  recent  publication,  report  that  they 
bave  found  a  sensitive  test  for  the  differentiation  of  these  vibrios  in 
the  specific  character  of  cholera  immunity.  They  found  that  guinea- 
pigs  which  were  immunized  against  cholera  infection  have  a  lasting 
immunity,  and  that  the  serum  of  such  immunized  animals  has  a 
epecific  action  in  protecting  against  infection  by  genuine  cholera  vib- 
rios only,  while  for  other  species  it  has  no  action  different  from  that 
of  the  blood  serum  of  normal  animals.  In  all  cases  where  the  cholem 
serum  acted  specifically  the  vibrios  were  promptly  destroyed,  'while 
in  cases  where  this  specific  action  was  absent  the  injected  vibrioa 
multiplied  rapidly  and  causetl  the  death  of  the  animal.  By  means  of 
this  method  the  vibrios  isolated  from  water — the  phosphorescent 
vibrios  of  Dunbar,  Vibrio  Danubicus,  Cholera  Massanah — are  shown 
to  be  distinct  species,  while  the  vibrio  of  Ivanoff  behaves  like  the 
genuine  cholera  vibrio.  In  a  subsequent  paper  Pfeiffer  reports  the 
interesting  fact  that  a  trace  of  highly  active  cholera  senim,  added  to 
a  culture  of  the  cholera  spirillum,  when  injected  into  the  peritoneal 
cavity  of  a  guinea-pig,  within  a  surprisingly  brief  time  causes  the 
destruction  of  the  cholera  vibrios;  whereas  no  such  effect  is  produced 
upon  other  species.  A  similar  destruction  occurs  when  cholera  vib- 
rios are  injected  into  the  abdominal  cavity  of  immunized  guinea* 
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pigs.  The  researches  of  Dunbar  (1894)  indicate  that  Pfeiffer's  test 
IB  not  60  reliable  a8  he  supposed;  and  also  that  phosphorescence  can- 
not be  relied  upon  for  distinguishing  similar  water  bacteria  from 
genuine  cholera  vibrios.  Rumpel  has  reported  the  fact  that  two  un- 
■doubted  cultures  of  the  cholera  spirillum,  from  different  sources,  after 
being  passed  through  pigeons  and  cultivated  for  some  time  in  arti- 
ficial media,  showed  phosphorescence.  One  of  these  cultures  was  ob- 
tained originally  from  the  discharges  of  Dr.  Oergel,  who  was  a  vic- 
tim to  cholera  from  labt>ratory  infection  (ease  reported  by  Reincke,  in 
the  Deutsche  medicinische  Wochenaehriff,  No.  41,  181)4).  Another 
of  supposed  laboratorj'  infection,  in  which  recovery  occurred,  is 
iported  by  Lazarus,  in  the  Berliner  medicinische  Wochenschn'ft, 
1893,  page  1,341. 

That  cholera  vibrios  may  be  present  in  the  alimentarj'  canal  of 
liealthy  individuals  without  giving  risoto  eLuy  symptoms  of  ill-health 
appears  to  be  demonstrated.  In  support  of  this  conclusion  we  quote 
S3  follows  from  n  recent  paper  by  Abel  and  Claussen : 

In  Wehlau  (East  Prussia),  in  the  autumn  of  18f)4,  seven  cases  of 
cholera  occurred  about  the  same  time.  The  memberB  of  the  family 
•were  at  once  isolated  and  their  fieces  examined  almost  daily.  Of 
especial  interest  were  seventeen  individuals  who  belonged  to  families 
in  which  three  fatal  cases  occurred.  Of  these  seventeen  persons,  who 
were  not  sick  at  all  or  oul.v  had  for  a  brief  time  a  diarrhoea,  thirteen 
Lad  cholera  vibrios  in  their  discharges  for  a  considerable  time.  As 
the  table  shows,  many  of  these  comma  bacilli  were  not  found  in  dis- 
charges every  day,  but  were  obtained  again  after  being  absent"  (in 
Ihe  cultures)  "  for  a  day  or  two." 

Abel  and  ClausHen  (1895),  as  a  result  of  very  extended  experi- 
ments, arrive  at  the  conclusion  that  cholera  vibrios  in  fseces  as  a  rule 
do  not  survive  longer  thau  twenty  days,  and  often  cannot  be  ob- 
tained after  two  or  three  days;  exceptionally  they  were  obtained  in 
cultures  at  the  end  of  thirty  days — Karlinsky  and  Dunbar  have  re- 
ported finding  them  at  the  end  of  fifty-two  days  and  four  months. 
Karlinsky  (1895)  has  also  reported  that  upon  woollen  and  linen  goods, 
cotton  batting  and  wool,  which  were  soaked  in  the  discharges  of 
cholera  patients  and  pre.served  from  drying  by  being  wrapped  in 
•waxed  paper,  the  cholera  vibrio  retained  its  vitality  for  from  twelve 
to  two  hundred  and  seventeen  days. 

The  researches  of  Kasansky  (1895)  show  that  the  cholera  spiril- 
lum is  not  destroyed  by  alow  temperature  (— ao  C.)  and  that  it 
even  resists  rep€ate<i  freezing  and  thawing^ — three  or  four  times. 

Behring  and  Ransom  (ItiHS)  as  a  result  of  an  extendetl  experi- 
mental research,  arrive  at  the  conclusion  that  cholera  cultures  from 
which  the  bacteria  have  been  removed  have  specific  toxic  properties, 
40 
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and  cause  symptoms  similar  to  those  which  result  from  the  intro- 
duction into  guinea-pigs  of  the  living  bacteria;  that  from  these  fil- 
tered cultures  a  solid  substance  can  be  obtained  having  the  same 
toxic  properties,  and  that  from  susceptible  animals  which  have  be«i 
treated  with  this  toxic  substance  a  serum  can  be  obtained  which  is 
active  not  only  against  the  cholera  poison,  but  against  the  cholera 
vibrio.  These  results  support  those  previously  reached  by  other 
bacteriologists  and  lead  to  the  hope  that  a  specific  treatment  of  the 
disease  may  be  successfully  employed.  The  results  obtained  by 
Hafifkine  in  India  are  favorable  to  the  view  that  his  method  of  prophy- 
laxis,  by  the  subcutaneous  injection  of  virulent  cholera  cultures,  has 
a  real  value. 


PLATE  IX. 

Fio.  1. — Bacillus  diphtheriae  (Klebs-Loffler)  from  culture  on  blood  serum. 
Staiued  with  Loffler's  solutiou  of  methylene  blue.  X  1,000.  Photomicro- 
graph  by  oil  lamp.     (Borden.) 

FiQ.  2. — Micrococcus  (ifonorrhoeae  in  urethral  pus.  Stained  with  Loffler's 
solution  of  methylene  blue.  X  1,000.  Photomicrograph  by  oil  lamp. 
(BoKlen.) 

Fio.  3. — Bacillus  tuberculosis  in  sputum.  X  1,000.  Photomicrograpli 
by  oil  lamp.     (Borden.) 

Fig.  4. — Bacillus  typhi  abdomiualis,  from  agar  culture.  X  1,000.  Photo- 
micrograph by  oil  lamp.    (Borden.) 

Fia.  5. — Streptococcus  pyogenes  (longus).  X  1,000.  Photomicrograph 
made  at  the  Army  Medical  Museum  by  sunlight.    (Gray.) 

Fia.  6. — Bacillus  mallei.  X  1,000.  Photomicrograph  made  at  the  Army 
Medical  Museum  by  sunlight.    (Gray.) 
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BACTERIA  IN  INFECTIOUS  DISEASES. 

In  the  present  chapter  we  shall  give  a  brief  account  of  the  re- 
searches Avhich  have  been  made  relating  to  the  presence  of  bacteria 
in  various  infectious  diseases  of  man  and  the  lower  animals,  and  in 
localized  infections  which  have  been  supposed,  on  more  or  less  satis- 
factory evidence,  to  be  due  to  their  presence.  For  convenience  of 
reference  we  shall  arrange  these  diseases  in  alphabetical  order. 

AfiSCESSBH. 

The  bacteria  principally  eoncernef]  in  the  cviusation  of  acute  abscesses  are : 
Stapbylococcvis  pyogenes  aureus  (No.  1),  Stapliyloctx-cus  pyofjeiien  alhus 
(No.  2),  and  Slreplococcus  pyogt'iies  (No.  5).  Fur  dotails,  see  Sec.  IV.  The 
following  N])eci»'a  have  also  l>een  foiiutl  in  acute  absces.se8,  sometimes  in 
pure  culture :  8taphyl<x-occus  pyogenes  citreiia  (No.  3),  Micrococcus  tetra- 
geuus  (No.  18),  Micnxoccus  pneumonia-  crouiK>sii.'  (No.  8),  Bacillus  coli 
communis  {No.  Stf),  Bacillus  typhi  abdominulis  (No.  4C),  Bai;illus  pyogenes 
fcftidus  (No.  72)  obtained  from  an  abscess  near  the  anus  by  Passert,  Bat-il- 
luspj-ogenesfa'tidusliquefacieus,  from  a  brain  abscess  following^ otitis  media, 
by  Lanz.  Pa-sset  also  found  in  two  nbscef»es  out  of  tliii'ty-lbrce  examined  a 
micrococcus  nameti  by  him  Micrococcus  cereus  albus,  and  ui  a  single  ca.se 
his  Micrococcus  cereus  ttavus. 

Recent  rescaftihea  show  that  next  to  the  micrococci  mentioned  above  an 
commonly  fouiul  in  the  pu.s  of  acute  absrps,ses  (Now.  1.  2,  !*).  The  micnucoc- 
cu!4  of  crfni[)rt\i.s  pneumotua,  the  colou  bacillus,  and  the  bacillus  of  typhoid 
fever  are  most  fiTquenlly  present — the  la-st  mentioned  in  abfloesses  follow- 
ing typhoid  fever.  In  the  .so-calleil  "  eokl '"  abscesses,  due  to  tubercuhu"  in- 
fection of  glands,  the  tubei*clc  bacillus  is  usually  the  only  microorgauism 
present. 

See  also  Bubo,  Mastitis,  Otitis  Media. 


ACNE. 

Hodara  (1894)  finds  in  the  pustules  of  acne  a  small  bacillus  (No,  175)  which 
be  believes  to  be  the  cause  of  the  disease.     It  is  said  tt>  lie  found  at  tlie  base 
rttiad  central  portion  of  the  comedones,  while  cocci  and  fltisk -shaped  bacilli 
found  in  the  sujjerfii-ial  jwrtion.     In  pseudo-acne  pustules  this  bacillus 
i  not  found. 

ACNE  CONTAGIOSA  OF  HORSES. 

Dieckerhoff  and  Grawitz  believe  the  cause  of  "acne  contagiosa"  in  horses 
to  be  a  bacillus  described  by  them  (No.  141J. 


BACTKRIA   IX  INFECTIOUS  DISEASES. 


ALOPECIA. 

RobinscMi  (1SH8)  c1aim.s  t<j  have  found,  in  sectioas  f  rom  the  diaeaaed 
in  a  ca«e  of  aloin-ciii  aifuta,  micrococci  havinjf  a  diameter  of  about  0.8  f, 
ally  united  ii)  [laiitt  and  iiHsociated  in  zixiglcea  masses.     They  vei«  located 
for  the  most  |mrt  in  tlic  Ij'iiiph  spaoe.s  of  the  central  poriaon  of  the  choriuiu. 
They  stained  with  thu  usual  utiiltne  colors  aad  also  By  Gram's  method.    No 
culture  or  inot-ulutiiHi  exjjeriineiits  w«f«made. 

Kaaauli  (I88SJ  ohLuiied  from  tlie  niai-gins  of  the  affected  patches  in  alope- 
cia areata  a  bacillus  about  two  t-o  three  times  as  lung  as  broad,  and  whinh 
formed  spores.  It  was  attached  to  hairs  withdrawn  from  the  duieaaed 
f»at<"he,s,  and  was  easily  cultivated  iu  various  media. 

Vaillard  and  Vincent  (ISilOf,  in  a  form  of  aloiHJcia  resembling'  favus,  ob- 
tained by  cultivation,  from  liaii-s  pulled  out  from  the  diseased  jiat^hes,  a  nii- 
cxococcus  ;  thi.s  was  alwj  found  iu  the  hair  follicles  in  .stained  sec^tions.  The 
diameter  of  thi.s  iidcrococcus  was  al)out  1  /^ ;  it  was  easiU'  stained  with  tliB 
aniitnn  I'oloi-s  and  by  Gi-am's  meth4)d  ;  grew  in  nutrient  gelatin,  cauang 
liquefaction;  did  not  grow  well  upcm  potato;  wew  pathogenic  for  mice. 
Wheu  applied  to  the  surfai-e  of  tlie  iKHty  of  guinea-pigs  or  rabbits,  by  rub- 
bing. aluiMxia  resulteil  siuiilai'  to  that  in  tlie  cases  from  which  the  micrococ- 
cus was  nrst  obtained. 

Hollboru  (181)5)  thinks  it  probable  that  alopecia  areata  is  due  to  a  micn»- 
scopic  fungus  described  by  liim,  which  l>ears  !«i>nio  i^semblance  to  Trichophy- 
ton U)ti.sunin8. 

Elliott  (1S9.'>)  believes  that  the  most  froquent  cau.se  of  alopecia  pnematuni 
is  some  foruj  or  grade  of  i-czema  sebctrrhoieuiu.     See  Ecsema. 
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ANGINA. 

Although  the  niLS  coeci  arc  frequently  found  in  the  secretions  from  the 
mouth,  narex,  aiitf  fauces  oi  Itejdthy  jxTsons,  there  can  be  but  little  doul* 
that  ihey  are  concerned  in  the  etiology  of  angina,  and  of  calarrlud  or  paeudo- 
diphtheritic  intlammatious  of  mucoua  membranes  elsewhere. 

Diirnburger  U8l>4)  reixirt-s  lliat  in  forty-live  jwr  cent  of  the  heal tlir  indi- 
viduals exiinuned  sti-eptococci  were  found.  In  78.9  j>er  cent  of  thenuwstif 
angina  Strept»x^occu.s  longiLs  was  found,  but  never  in  iiure  cultures;  iuiui- 
gina  phleginontw;*  Hi  rcptococcus  brevis  was  pi-esent ;  in  seven  cases  of  aeut* 
ctdarrhal  angina  sti-eptococci  weix-  found  live  times,  and  in  chronic  catarriial 
angina  in  one-half  the  cases. 

Plant  (1H04)  in  live  caiics  of  sevei-e  angina  found  Miller's  bacillus  in  Urge 
numlf€'ra  in  the  exudate  in  tlu'  fauces,  and  Ixdieves  that  it  was  the  cause  u( 
the  infhimmation  of  the  mucous  membrane. 

(Toldschnelder  (189;3>  found  in  the  ajigiiia  of  .scarlet  fever  stn»plooocd 
only  in  seven  cases,  and  staphyhx'0<x'i  alone  iu  fourteen.  No  difference  was 
ol>serv(sI  in  the  e.xudate  iu  the  cjises  belonging  to  the  two  gnjups,  but  thr 
stiviitiwix'cus, angina  was  nioi-e  severe  aiul  n»u  a  njore  protract^nl  cout* 
(average  dui*ation  12.6  days),.  In  eight  cases  stivpttx-occi  and  staphyloooixi 
were  asso<nated — thest*  Iiad  an  average  duration  of  tliirteen  days. 

BiKtker  (1832)  fiumd  strejitooocci  in  tlie  angina  of  scarlet  fever  and 
nieaslea,  associated  in  some  caM's  with  stjiphylococci. 


ANTHRAX. 


Due  to  the  presence  of  Bacillus  anthracis  (No.  45)  in  the  blood 
and  tissues  of  iufected  aniniHls — or  in  malignant  pustule  and  ia 
"wool-sorters'  disease"  iu  man. 
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APPENDICITIS. 

Hodenpyl  (1803)  in  ten  cases  of  api>end!citis  in  which  a  bacterio- 
logical examination  was  made  found  Bacillus  coli  communis  in  pure 
culture,  and  in  one  case  the  same  bacillus  associated  with  Strepto- 
coccuH  pyogenes.  Including  his  own  cases  with  twenty-four  re- 
corded by  other  investigators  the  colon  bacillus  was  the  only  micro- 
organism present  in  thirty -two  out  of  the  thirty-five  cases. 


I 


ARTHRITIS. 

In  arthritis  following  pneumonia  the  Micrococcus  pneumoniiB 
crouposa?  has  been  found  in  pure  culture  by  several  bacteriologists — 
Boulloche,  Schwartz,  Picque  and  Veillon,  Brunner.  In  gonorrhceal 
arthritis  the  gonococcus  has  been  found  by  Bordoni-Uffreduzzi,  Pal- 
tauf,  Lindemann,  Neisser,  and  others.  Manley  (1S94)  says:  "  In  the 
most  vii-ulent  cases  which  have  come  imder  my  own  care  the  as- 
pirated fluid  was  found  to  contain  no  gonococci ;  while  in  other  cases 
which  ran  a  mild  course,  it  was  said  that  the  gonococcus  and  some- 
times the  diplococcu.s  were  seen  in  large  numbers." 

In  suppurative  arthritis  following  scarlet  fever  streptococci  have 
been  found  in  pus  from  the  affected  joints  by  Babes,  Rankin,  Len- 
barz,  and  by  Belliugbam  Smith  (189.5). 


BERIBERI. 

Lacerda  (1887)  claims  to  have  demonstrated  the  presence  of  cocci,  some- 
times united  in  chains,  in  the  blood  and  tissups  of  |>ersoiis  affected  with  beri- 
beri, and  also  to  have  pnxluced  in  rabbits,  by  inoculation  with  his  cultures, 
certain  symptoms  resembling  those  which  characterize  this  diiieaRC. 

Pekelharin^  and  Wiuklci"  (1887)  have  also  obtaineil  by  cultivation,  from 
the  blood  of  jiatients  with  beri-beri,  various  fornt.s  of  bacteria,  but  princi- 
pally cocci  ;  th€«e  are  dewrribed  an  lacing  usually  a^sfxiatcd  in  pairs  or  in  ir- 
rearular  groups,  an  forming  a  milk-white  mass  upon  agar,  and  in*  liquefying 
gelatin.  According  to  tlii-  authors  named,  injection  into  rabbits  of  cultures 
of  this  coccus  (fave  rinc  to  multiple  uerve  degeneration,  such  its  is  seen  in 
cases  of  beri-beri  in  man. 

Eykraann  (1888)  failed  to  obtain  cultures  from  the  b]o*>d  of  palienls  with 
beri-beri,  but  deninnstTated  the  presence  of  slnnder  bacilli  similar  Ui  those 
which  Pekelharin?  and  Winkler  encounlere<l  in  some  of  their  cases.  These 
failed  to  grow  in  the  usual  culture  media. 

Id  his  latest  communication  upon  the  subject  Pekelliaring  savs  that  in 
twelve  cases  out  of  fifteen  he  obtaine<i  cultures  of  micrococci,  and  bacilli  in 
three  out  of  fifteen.  From  hi.s  inticulalion  expriments  he  cojictudes  tJiat 
the  micrtx!occi  foiuid  are  the  caiise  of  the  morbid  phenomena  which  charac- 
terize the  disease. 

When  in  Rio  de  Janeiro  (1887)  the  writer  coUpcIwI  blood  from  the  finger 
from  four  typical  cases  of  beri-beri.  selected  by  Dr.  L.acerda.  and  introduced 
it  into  the  usual  culture  media.  The  result  of  this  experiment  was  nefralive. 
agreeing  in  this  reganl  with  the  results  »btaiiie<!  by  Eykmaun. 

Huno  and  MoreUi  (1893)  report  that  they  obtained  from  the  blood,  sub- 
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cutaneouA  cedema,  siscitic  tluiil,  etc.,  of  two  pei'sous  who  died  of  beri-beri,  a 
micrococcus,  which,  when  injected  into  i-abbits,  caused  iheir  death  in  from 
forty  da^«  to  faui-  months,  witli  symptoms  similar  to  those  of  beri-beri. 
Tlieir  imcrococcus  is  from  O.R  to  2.1  ft  in  diameter;  iu  pairs  orinchainit; 
stains  by  Gram's  method  and  hqucfles  g^Iatiii- 


BISKRA  BUTTON. 
See  Micrococcus  of  Heydeureich  (No.  26;. 


BRONCHITIS. 

Lumnitzer  f  1888)  obtained  from  the  sputum  of  a  patient  with  putrid  bron- 
chiti.s  a  bacillus  which  prrn'ed  to  be  patliogenic  for  mice  and  for  rabbits,  and 
the  cultui-es  of  wliich  gave  otf  a  characteristic  odor,  similar  to  that  of  iLe 
puti'id  biH^nchial  secretion  iu  liis  patient  (No.  112). 

Piccliiai  (188!)l,  in  three  cases  of  "  croui>ous  bronchitis,"  made  culture  es- 
perinients  and  isolated  three  ditferent  micrococci ;  one  developed  upon  nutri- 
ent jjelatin  as  a  grayish- white  niass  and  did  not  liquefj' :  one  as  a  reddish- 
gyax  mass,  also  non -liquefying ;  the  third  form  was  always  associated  with 
tlipse  two. 

Bei-nabei  (ISft.*!)  has  found  Ihe  bacillu.s  of  Lumnitzer  in  a  number  of  caas 
of  putrid  bronchitis,  and  believes  it  to  be  the  cause  of  the  disease.  Alfieri 
(1834)  has  also  reported  a  case  in  which  a  bacillu^j  was  found  which  appears 
to  1>P  the  same.  KiLzig'  (IHSl.'Ji  obtained  two  bacilli  i-e.sembling  the  colon  bacil- 
lus from  a  case  of  putrid  bronchitiii  investigated  by  him. 


BRONCHO- PNEUMONIA. 

Netter  (ISy^)  lias  made  a  bacteriological  study  of  05  fatal  casee  of 
broncho-pneunioiiia,  5li  adultH  and  4"i  chiklreu.  Of  the  adult  cased 
39  gave  a  pure  culture  of  a  single  species,  which  in  15  was  the  mi- 
crococcus of  croujxius  pneumonia,  in  13  Streptococcus  pyogenes,  in  'J 
Friedlander's  baciUus,  in  II  !<taphylococci,  In  14  cases  of  mixed  in- 
fection the  micrococcus  of  pneumonia  and  staphylococci  were  found 
in  5  ;  the  pneumonia  coccus  and  streptococci  in  :i  ;  the  pneumonia 
coccus  with  FriedlJinder's  bacillus  in  2  ;  pneumonia  cocci,  etreptth 
cocci,  and  staphylococci  iu  1.  Iu  4'^  cases  in  children  'ib  were  simple 
and  1 7  mixed  infection;  in  10  pneumonia  cocci  only,  in  8  streptococci, 
in  f)  staphylococci,  in  3  Friedlantler's  bacillus.  In  the  mixed  infec- 
tions pneumonia  cocci  and  streptococci  in  5,  streptococci  and  staphylo- 
cocci in  5,  streptococci  and  Friedlander's  bacillus  in  3  ;  pneumonia 
cocci,  streptococci,  and  staphj-lococci  iti  2,  pneumonia  cocci  and 
staphylococci  in  1,  pneumonia  cocci  and  Friedlander's  baciUus  iu  1. 
In  broncho-pneumonia  following  epidemic  influenza  (8  cases)  the 
pneumonia  coccus  was  found  in  1,  streptococci  in  1,  Friedlander's 
bacillus  in  '2,  pneumonia  coccus  and  streptococcus  in  1,  streptococcus 
and  atapliylococcus  in  1. 

BUBO, 
Hoffa  (1S8C)  in  22  cases  of  inguinal  bubo  examined  foimd  Staphy- 


BACTERIA   IN  INFECTIOUS   DISEASES. 


575 


lococcus  pyogenes  aureus  in  10,  Staphylococcus  pyogenes  albus  in  Si, 
and  Staphylococcus  pj'ogenes  citreus  in  3. 

Later  researches  indicate  that,  as  a  rule,  the  pus  cocci  are  not 
present  in  the  pus  from  an  unopened  inguinal  bubo  following  chan- 
croid, lu  this  regard  Ducrey,  Krefting,  and  Spietsehka  are  in  ac- 
cord. The  last-named  author  also  arrives  at  the  conclusion  that  the 
8treptol>acillus  found  in  chancroidal  ulcers  is  not  present  in  the  pus 
of  unopened  bulxies,  and  that  this  is  not  vinalent.  Inoculation  ex- 
periments with  such  pus  gave  a  negative  result,  and  the  most  careful 
microecopical  investigation  failed  to  reveal  the  presence  of  micro- 
organisms of  any  kind.  Cheinisse  (18B4)  also  bad  a  negative  resiilt 
from  inoculations  with  the  pus  from  buboes  except  in  one  case  in 
which  the  bacillus  of  Ducrey  was,  by  exception,  demonstrated  to  be 
present.  He  finds  that  while  the  pus  from  unopened  buboes  is 
usually  sterile  it  sometimes  contains  the  ordinary  pyogenic  micro- 
cocci. 

BUBONIC   PLAGUE. 

The  bacillus  found  by  Kitasato  (1894)  and  by  Yersin  (1B94)  in  the 
contents  of  the  bul>oea  and  in  the  blood  of  infected  animals  is  no 
doubt  the  cause  of  this  infectious  malady  (see  No.  IGG). 

CARCINOMA, 

Various  bacteria  have  occasionally  been  found  in  carcinomatous  growths, 
and  ejiipe<'ially  in  those  wliich  have  under^ne  ulceration  ;  but  that  any  oue 
of  these  bears  an  etiological  i-elation  to  such  malignant  tumors  has  not  been 
demonstrated. 

CEREBR0-8PINAL  MENINGITIS. 

Various  microorganisms  have  been  found  by  bacteriologists  in  the 
exudate  of  cerebro- spinal  meningitis,  and  there  seems  to  be  but  little 
doubt  that  the  meningeal  inflammation  is  due  to  their  presence,  as 
the  bacteria  usually  found  are  pathogenic  for  certain  of  the  lower 
animals,  and  when  introduced  into  a  serous  cavity  they  give  rise  to 
a  tibrinous  or  purulent  inflammatory  process.  The  researches  of 
Weichselbaum,  Wetter,  and  others  show  that  Micrococcus  pneu- 
monife  crouposjB  ("  diplocoecus  pneumonise  ")  is  the  microorganism 
most  frequently  found,  and  next  to  this  the  Diplococcus  intercel- 
lularie  meningitidis  of  Weichselbaum.  Streptococcus  pyogenes  has 
also  been  found  in  a  certain  proportion  of  the  cases — four  out  of 
twenty-five  cases  of  purulent  meningitis  studied  by  Netter. 

Bonome,  in  a  series  of  cases  studied  by  him,  obtaineil  a  micro- 
coccus closely  resembling  Micrococcus   pneumoniae  crouposse,    hut 


676 


BACTERIA  IN   INFECTIOUS  DISRASBS. 


which  he  believes  not  to  be  identical  with  it  (see  Micrococcus  of 
Bonome,  No.  40). 

Jaeger  (1JS04)  from  a  study  of  the  literature  arrives  at  the  conclu- 
sion that  in  from  sixty  to  seventy'  per  cent  of  the  recorded  cases  of 
idiopathic  cerebro-spinal  meningitis  the  pneumonia  coccus  ("  Diplo 
coccua  lanceolatus")  lias  been  found.  His  own  researches  lead  him 
to  believe  that  the  "diplococcus  intercellularis  "  of  Weichselbaum  is 
the  cause  of  genuine  ej)idemic  meningitis,  and  that  the  pneumonia 
coccus  may  be  present  also  as  a  secondary  infection.  Sporadic  casee 
may  be  due  to  streptococcus  infection,  io  tubercular  infection,  or  to 
pneumococcus  infection.  In  meningitis  secondary  to  middle-ear  dis- 
ease the  pneumonia  coccus  is  the  usual  infectious  agent.  Sherer 
(IS'.)4)  reports  three  cases  of  leptomeningitis  purulenta  in  nursing  in- 
fants in  which  the  Badlluacoli  communis  was  found  in  pure  cultures. 
The  infection  is  supjiosed  to  have  occurred  by  bathing  the  infants  in 
water  contaminated  by  their  own  discharges.  In  a  later  communi- 
cation (1895)  the  same  author  gives  an  account  of  an  epidemic  of 
cerebro-spinal  meningitis  among  soldiers  in  which  the  infectious 
agent  whs  Diplococcus  intercellularis  meningitidis  (No.  9).  This 
diphx;occu8  was  found  in  the  nasal  secretions  of  the  infected  individ- 
uals during  life,  as  well  as  in  the  exudate  from  the  inflamed  men- 
inges, obtaineil  ptist  mortem.  Centanni  (l.s!t3)  has  descril^  "a  new 
microorganism  of  meningitis"  under  the  name  Bacillus  aerogeoea 
meningitidis  (No.  181). 

CHALAZION. 

Deyl  flR931  was  unable  to  cause  the  development nf  chalazion  by  iutrodiM^ 
ing  a  culture  of  staphylofocoi  into  tlie  mouths  of  the  Meibomian  glands  in 
man  and  rabhit«.     In  fifteen  cases  of  incipient  sty  in  which  he  made  bacterio- 
loffiral  examinations,  hi*  found  a  bacillus  which  be  believes  to  be  concerned 
in  the  etiolog-y  <>f  thi.s  localized  infection. 

Landwehr  (18!>4)  found  in  one  ca.se  almost  a  pure  culture  of  MicrococcoB 
tetra^nus.  He  ai-i'ives  at  llie  conclusion  that  in  a  ceilain  pr«.>iiortion  of  the 
cases  (he  tuberclo  Vjacilhix  is  (he  etiological  agent,  butHduiits  that  this  has  not 
been  demonstrated,  and  that  inotrulation  experiments  in  su.sceptible  animals 
with  the  contents  of  the  sty  have  always  given  negative  results. 

CHANCROID. 

Ducrey,  in  an  extended  research  (1890),  was  not  able  to  cultivate 
any  specific  microiirganism  from  the  pus  of  soft  chancres,  or  of 
buboes  resulting  from  these  ulcers.  Various  common  microorgan- 
isms were  obtained  in  cultures  from  the  chancroidal  ulcers,  but  a 
negative  result  was  obtained  in  his  cultures  from  the  pus  of  buboes. 
In  pustules  develope<l  upon  the  arm  from  the  inociilation  of  chan- 
croidal virus  he  found  constantly  a  bacillus  which  did  not  grow  in 
artificial  cultures.     This  was  about  1.48  p  long  and  0.5  t^  thick,  with 
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round  enils.  It  was  readily  stained  with  a  solution  of  fucbsin,  but 
not  by  Gram*s  metbod. 

Unna,  in  \i<'A2,  repvortenl  that  in  five  cases  of  chancroid  he  had 
fovmd  a  strepto-baciHus,  which  on  account  of  its  numbers  and  situa- 
tion in  tiie  tissues  involved  would  probably  prove  to  1>g  the  sjit'citie 
cause  uf  this  Iwalized  infection.  Quinquaud  (ISHv*)  contirnied  Unna 
as  to  the  presence  of  a  strepto-hacillus,  but  neither  of  the  bacteriolo- 
gists named  succee<led  in  obtaining  this  bacillus  in  cultures.  Since 
this  <late  numerous  papers  have  been  published  with  reference  to  the 
presence  of  this  and  i>ther  bticilli  in  chancroidal  ulcers.  In  his  latest 
communication  (181)5)  Unna  maintains  that  the  bacillus  of  Ducrey 
is  in  fact  identical  with  his  strepto-baciUus.  He  says  that  the  pres- 
ence of  this  bacillus  has  now  been  demonstrated  in  more  than  one 
hundred  cases ;  and »  on  the  other  hand,  it  has  never  been  found  in 
pus  from  other  sources.  It  is  readily  stainetl  by  Gram's  nietho<i,  and 
this  serves  to  distinguish  it  from  the  only  similar  strepto-bacillus — 
which  is  often  found  in  serpinginous  chancroid  and  especially  almut 
the  margins.  Unna  asserts  that  this  strepto-bacillus  is  constantly 
present,  that  it  is  the  only  microorganism  in  the  chancroidal  tissue, 
and  that  it  has  not  been  found  elsewhere.  He  therefore  feels  ju.'^tified 
in  concluding  that  it  is  the  specific  etiological  agent,  although  it  has 
not  as  yet  been  obtained  in  ])ure  cultures. 

Spietschka  (lft04)  also  reports  the  presence  of  strepto-bacilli  in 
chancroidal  ulcers,  and  says  that  the  bacilli  seen  by  him  correspond 
with  those  found  bj'  Unna  and  later  by  Peterson,  as  to  size,  arrange- 
ment, and  location,  but  that  the}'  have  rounded  ends  and  a  constric- 
tion in  the  middle  and  do  not  stain  by  Gram's  method — i.e.,  they 
correspond  with  the  bacillus  describetl  by  Ducrey.  Peterson  ()^i(i4) 
has  also  found  the  bacillus  of  Ducrey  in  his  cases,  in  St.  Petersburg, 
and  thinks  there  can  be  no  doubt  that  it  is  the  specific  etiological 
agent.  Krefting  has  never  failed  to  find  this  bacillus  in  cbancroidal 
virus,  and  in  inoculations  made  vvitb  such  virus  tlie  fjuicker  and 
more  intense  the  result  the  more  numerous  were  the  bacilli  found  to  bo. 

For  the  staining  of  cover-glass  preparations  Krefting  recommends 
the  methylene  blue  solution  of  Sahli ;  Aqua  destillata,  40  cubic  centi- 
metres; saturated  aqueous  solution  of  methylene  blue,  '24  cubic  centi- 
metres; solution  of  borax  {five  per  cent)  IG  cubic  centimetres.  Ac- 
cording to  Krefting  the  bacilli  are  from  1.5  to  2  /ji  long,  and  from  0.5 
to  1  /i  broad.  Ducrey  deseriljes  his  bacilli  as  short,  thick  rotis,  with 
round  ends,  and  at  times  a  alight  constriction  in  the  middle.  Unna 
describes  his  bacilli  as  short  rods,  li  to  2  m  long  and  i  f-  broad,  ar- 
ranged in  chains  of  four  to  ten  elements.  These  chains  are  con- 
stantly found  in  the  lymph  spaces,  between  the  cells — never  in  the 
leucocytes  or  blootl- vessels. 
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CHOLERA  ASIATICA. 

The  etiological  relation  of  Koch's  "  comma  bacillus  "  to  cholera  is 
now  generally  accepted  by  bacteriologists  and  pathologiHtu.  But 
recent  researches  show  that  Spirillum  cholerje  Asinticje  (No.  18(J) 
does  not  alway,s  present  identical  biological  characters  when  obtained 
from  different  cases  of  epidemic  cholera;  and  that  very  similar 
Bpirilla  are  sometimes  found  as  saprophj'tes  in  river  water,  and  in 
the  iilvine  discharges  uf  healtliy  persons.  We  call  attention  to  the 
fact  tliat  these  cholera-like  spirilla  have  for  the  most  part  been  fomid 
in  Europe,  where  epidemic  cholera  has  been  xvidely  diffiisetl  during 
the  past  few  years.  It  is  probable  that  a  considerable  number  of 
them,  at  least,  are  saprophytic  varieties  of  the  genuine  cholera  spiril- 
lum. 

CHOLERA  INFANTUM. 

The  researches  of  Booker  and  of  Jeflfries  do  not  support  the  idea 
that  cholera  infantum  is  due  to  the  presence  of  a  specific  micro- 
organism in  the  intestine,  but  rather  that  the  symptoms  are  due  to 
the  absorption  of  toxic  products  formed  in  the  alimentary  canal,  or 
in  the  child's  fo<xl  before  it  is  ingested,  as  a  result  of  the  multiplica- 
tion and  ferment  action  of  various  microorganisms,  and  esjHjcially  of 
certain  putrefactive  bacteria.  The  common  putrefac-tive  bacillus, 
Proteus  vulgaris,  and  other  sjiecies  nearly  related  to  this,  were  found 
by  Booker  in  a  cnn.sideraljle  projxjrtiou  of  his  cases,  and  he  is  dis- 
posed to  believe  that  these  putrefactive  bacteria  play  aij  important 
part  in  the  development  of  the  morbid  phenomena  which  characterize 
the  disease.  Jeflfries,  after  reviewing  the  various  theories  which 
have  been  advanced  in  e.xplanation  of  the  etiologj'  of  cholera  in- 
fantum, says:  "  Bact-eria  I  believe  to  be  at  the  bottom  of  the  diseast* 
— that  is,  rule  bacteria  out  of  all  foods  and  the  alimentary'  canal,  and 
summer  diarrhoea  would  cease  to  be,"  U\ion  another  page  of  bis 
memoir  he  says:  "  PEiasing  a  stop  further,  the  symptoms,  patholog;)', 
and  etiology  of  summer  diarrhtea  stand  in  close  relationship  with 
the  group  of  symptoms  first  clearly  brought  to  light  by  Panum  aft 
putrid  infection.  The  animals  poisoned  by  the  injection  of  putrid 
fluids,  sterile  or  not,  sicken  and  die  with  two  variable  groups  of 
symptoms :  one  referable  to  the  nervous  sy.stem,  the  other  to  the  in- 
testines, diarrhoea  being  a  prominent  symptom,  and  the  antopej  re- 
vealing inflammatory  changes  in  the  intestine." 

CHOLERA    NOSTRAS. 

What  haB  been  said  above  with  reference  to  cholera  infantum 
applies  as  well  to  cholera  nostras.     This  has  not  been  shown  to  be 
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due  to  the  presence  iu  the  alimentary  canal  of  a  particular  micro- 
organism ;  but  it  can  scarcely  be  doubted  that  the  morbid  phenomena 
are  induced  by  the  develo]jment  of  toxic  substances  as  a  result  of  the 
fennent  action  of  various  8i)ecie9  of  bacteria. 

Finkler  and  Prior  (1S84;  obtained  from  the  faeces  of  patients  with 
cholera  nostras  a  spirillum  whicli  they  supposed  to  Ite  the  specitic 
cause  of  this  disease,  but  subsequent  researches  have  not  confirmed 
their  conclusion.  Thus,  in  seven  cases  studied  by  bacteriological 
methods  in  Koch's  laboratory  during  the  years  1S85,  1881".,  and  1S87, 
the  spirillum  of  Finkler  and  Prior  was  not  found  in  a  single  instance 
(Frank). 

In  an  epidemic  of  cholera  nostras,  in  whicli  five  cases  out  of  seven 
proved  fatal,  Carp  tl8ii;j)  was  not  able  to  find  spirilla  in  the  ilis- 
charge«  from  the  bowels,  or  in  the  drinking-water  to  which  the  out- 
break was  ascribed.  The  drinking-water  was,  however,  found  to  be 
very  bad  and  to  contain  "  f jeces  bacilli.'"  Kircliner  (lS<.f2)  in  sixteen 
cases  of  cholera  nostras  examined  failed  to  find  the  spirillum  of 
Finkler  and  Prior — in  two  cases  he  found  a  spirillum  which  failed  to 
grow  in  gelatin  plates  and  in  three  a  streptococcus. 

Ruete  and  Emx-h  (IS'.*4)  in  a  fatal  case  of  cholera  nostras  obtained 
fiom  the  small  intestine  a  spirillum  which  they  identified  as  that  of 
Finkler  and  Prior.  The  authors  named  state  that  researches  made  in 
the  laboratories  of  Koch,  Huepjie,  and  Baumgarten  show  that  "Mil- 
ler's bacillus,"  which  is  occasionally  found  in  the  mouths  of  healthy 
persons,  is  identical  with  the  spirillum  of  Finkler  and  Prior. 

Grul>e  (IKS?)  has  reported  a  fatal  case  of  cholera  nostras  in  which 
this  spirillum  was  present  in  the  intestine,  and  Lustig  (18yT)  reports 
two  fata!  cases  of  cholera  in  which  it  was  assix-iated  with  Kwh's 
"comma  bacillus."  In  view  of  the  facts  stated,  and  of  the  patho- 
genic properties  of  this  spirillum,  we  have  the  same  reasons  for  sup- 
posing that  it  is  the  cause  of  those  cases  of  cholera  nostras  in  which 
it  is  found,  as  for  assuming  the  etiological  relation  of  the  Spirillum 
cholera  Asiatics?.  But  it  is  evident  that  chfilera  nostras  is  not  u 
specific  disea-se  due  to  the  pathogenic  action  of  a  single  microtirgan- 
ism.  On  the  other  hand,  the  exjierimental  evidence  indicates  that  in 
this  disease,  and  in  cholera  infantum,  summer  diarrhoea,  and  other 
gastro-intestinal  disortlers,  the  toxic  products  developed  by  various 
bacteria  may  give  rise  to  the  symptoms  characterizing  these  diseases. 


CONJUNCTIVITIS. 


The  various  forms  of  conjunctivitis  have  been  ascribed  to  the 
specific  action  of  bacteria.  That  this  is  true  as  regards  gonorrhceal 
ophthalmia  is  now  generally  admitted,  and  there  is  some  reason  to 
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Ixilieve  that  the  bacillus  discovered  by  Koch  and  studied  by  Kartulis 
(see  Bacillus  of  Kartulis)  is  the  cause  of  one  form  of  **  Egj'ptian  ca- 
tarrhal conjunctivitis."  The  non-infectious  forms  of  conjunctivitis 
can  scarcely  Ije  supposed  to  be  due  to  the  action  of  specific  micro- 
organisms; but  it  is  probable  that  an  inflammation  resulting  from 
any  cause,  such  as  a  chemical  or  mechanical  irritant,  maj'  be  ag- 
gravated ami  become  chronic  as  a  result  of  the  presence  of  various 
micrciurganisms,  and  esjwcialh'  of  the  pyogenic  micrococci. 

Kain  (IS'.ci)  from  a  case  uf  cruujioua  conjunctivitis  obtained  a 
bacillus  which  when  introduced  ijito  the  conjunctival  sacs  of  rabbits 
is  sjiid  to  have  causinl  a  jiiirulent,  membranous  inflammation. 

Wilhrand,  Sanger,  and  Stjielin  (ISiKj)  have  investigated  an  epi- 
demic of  conjunctivitis  in  patients  at  their  eye  clinic  in  Hamburg 
with  the  following  residts;  *' With  a  high  degree  of  probability  we 
may  conclude  that  a  diplococcuH  plays  the  principal  role  in  the  eti- 
ology of  (his  epidemic.  As  already  indicated,  these  diplococci  in 
smear  preparations  resemble  the  gonococcus  of  Neieser,  and  were  rec- 
ognized as  such  by  all  unprejudiced  and  competent  observers  among 
our  colleagues;  but  this  dec-isiou  soon  proved  to  be  erroneous,  inas- 
much as  inoculations  in  the  imathra  of  twt)  men  with  the  secretion 
from  two  severe  cases,  at  the  outset  of  tho  epidemic,  gave  a  com- 
pletely negative  result.  Further,  the  diplococci  lying  iu  the  cells  are 
distinguished  from  gonococci  by  the  fact  that  they  stain  by  Gram's 
method,  and  that  they  show  an  evident  growth  in  nutrient  gelatin." 
In  their  culture  experiments  the  authors  named  obtained  four  differ- 
ent diplococci — viz..  Micrococcus  tlavus  desidens,  a  common,  non- 
pathogenic species,  found  in  the  air  and  in  water;  Micrococcus  sub- 
flavus,  a  micrococcus  closely  resembling  the  "  trachomacoccus '*  of 
Michel;  and  a  diplococcus  which  they  believe  to  be  new  and  which 
|)roved  to  be  pathogenic  for  animals.  They  are  not,  however,  cer- 
tain whether  anj*  one  of  these  corresponds  with  the  diplococcus  found 
in  the  pus  cells,  and  wliich,  unlike  the  gonococcus,  does  not  stain  by 
Gram's  metliotl.  Certain  cases  were  characterized  by  the  presence 
of  bacilli  and  the  absence  of  diplococci.  The  bacillus  found  in  these 
cases,  williin  the  pus  cells,  corresponded  with  the  bacillus  flrst  dis- 
coveretl  by  Koch  in  cases  of  Egj-ptian  ophthalmia  (Bacillus  of  Kartu- 
lis, No.  13S). 


"CORN-STALK   DISEASE"    IX  CATTLE. 

Billing  in  18S8  ascrited  thi3disea.se  to  a  bacillus,  and  Burrill  f  1889)  giib- 
sequeiitly  doseribed  "a  Iwifterial  di;«'ase  of  corn."  According  to  Billinjis 
the  bacillus  of  Burrill  is  identical  with  that  to  which  lie  ascribes  the  '*  com 
stalk  disease"  of  cattle.  Pyle  (18!^;^)  savs  :  "Comparing  the  two  cerms  in 
rultivjitioii.  I  doubt  their  identity,  thou^^i  I  recog'iiixe  their  great  similaritr 
in  developing.     On  slides  they  present  no  nmrkeil  ditference,  to  me,  in  apiwar- 
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ance."  Pyle  further  savs  :  "Dr.  BiHin^  has  rnnde  many  successful  experi- 
ments in  connection  wtli  this  disease.  He  lias  succeeded  tn  causin^r  death  in 
8Uscei>tiblL'  animals  by  fee<Iiii^  corn-stalk  leaves  and  tojw  of  corn  supposi-d  U> 
Ir-  diseased  with  thi^  '  liacterial  disease  of  com'  whicli  Dr.  Burrilt  lias  so 
completely  descril»ed.  From  animals  thus  destroyed  Dr.  Billings  ohtaitied 
pui-e  culture.s  of  the 'corn  stalk  disea.se.'  Willi  these  cultures  he  destroyed 
susceptible  aoimals  by  iuoculation." 

CORYZA. 

Haiek  found  in  the  secretions  of  acute  nasal  catarrh  a  large  diploco<vus, 
called \v  him  "  Diplococ-cus  coryza.*,"  and  probably  identical  with  the  diplo- 
coccus  previously  obtained  by  klcbs  from  the  .same  .source.  Thi.s  was  m<ist 
abundant  during'  the  early  stam'  of  the  disease,  when  the  secretion  from  t!ie 
nasal  mucous  membrane  was  thin  and  abundant;  later  various  other  micro- 
organisms were  encountered  in  greater  numliei-s.  iiad  among  them  Fried- 
lander's  bacillus.  There  is  no  satisfactory  evidence  that  the  diplococcus  of 
Hajek  or  any  other  known  bacteria  are  dii-ectlj^  concerned  in  the  etiologj'  of 
this  affection.  To  what  extent  chronic  nasal  catarrh  is  due  to  the  action  of 
microorganLsms  is  al.so  uncei'tain,  but  it  appears  pj-oliable  that  they  play  an 
imi)ortant  part  in  maintainia^such  Lntlammations  ;  and  in  ctza-nu  the  offen- 
sive odor  of  the  nasal  secretions  is  no  doubt  due  to  the  presence  of  certain 
bacteria,  whatevei*  may  l>e  the  relation  of  tlu's<'  tt»  the  morbid  process  which 
gives  rise  Ui  the  chronic  discliarge.     (See  Bacillus  fu'tidus  ozu'na'  of  Hajek.) 

CYSTITIS. 

The  extensive  researches  which  have  been  raade  during  the  past 
few  years  show  that  the  presence  of  bacteria  in  the  healthy  bladder 
does  not  induce  cystitis,  but  that  when  the  mucous  membrane  is  in- 
jured by  mechanical  violence,  or  by  the  pre.senee  of  a  foreign  body, 
cystitis  is  likely  to  result  from  the  introduction  of  bacteria,  and  that 
the  Bacillus  coli  communis  is  most  frequently  concerned  in  the  de- 
velopment of  chronic  inflammation  of  the  bladder. 

In  the  extended  researches  of  Rovsing — thirty  cases  of  cystitis — 
the  following  results  were  obtained :  In  one  case  diagnosed  as  cysti- 
tis no  bacteria  were  found;  in  three  cases  culture  exfieriments  gave  a 
negative  restdt,  but  the  tuliercle  bacillus  was  found  in  the  urine  by 
microscopical  examination — in  these  cases  the  urine  was  strongly 
acid;  in  tweuty-six  eases  the  urine  was  ammoniaeal,  and  in  all  of 
these  bacteria  were  fimiul — usuallj'  but  a  single  Bj)e<'iea.  All  of  these 
grew  in  the  usual  culture  media  except  the  tubercle  bacillus,  which 
in  two  cases  was  as.*ociated  with  some  other  sjtecies,  ainl  all  pro- 
duced alkaline  fermentation  in  sterile  urine  when  added  to  it  in 
ptire  cultures.  The  following  species  were  found:  Tubercle  bacil- 
lus, Staphylococcus  pyogenes  aureus,  Staphylococcus  pyogenes  albus, 
I  Staphylococcus  pyogenes  citreus,  Streptococcus  pyogenes  urete  (n. 
sp.),  Diplococcus  pyogenes  ure^e  (n.  sp.),  Coccobncilhis  pyogenes 
ure<e  (n.  sp.).  Micrococcus  pyogenes  ureae  Havus  (n.  sp.),  Diplococ- 
cus urefB  trifoliatus  (u.  sp.).  Streptococcus  urejv  rugosus  (n.  ap,). 
Diplococcus  urefe  (n.  sp.),  Coccobacteria  urea?  (n.  ap.). 
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Pure  cultures  of  all  of  these  species  introducetl  into  the  bladder 
of  rabbits  failed  to  induce  cystitis,  even  when  injected  in  consider- 
able quantities.  But  when  retention  of  uriue  was  effected  artificially 
for  six  to  twelve  hours,  allowing  time  for  amraoniacal  fermentation 
to  occur,  cystitis  was  developed.  When  the  pyogenic  species  were 
introduced  under  these  circumstances,  a  suppurative  inflammation  of 
the  mucous  membrane  occurred ;  the  non-pyogenic  species  caused  a 
catarrhal  cystitiy.  Rovsing  records  the  imj^)ortant  fact,  as  bearing 
uiwii  the  etiology  of  c^'stitis,  that  iu  twenty  of  tlie  cases  examined 
the  bladder  had  been  invaded  by  the  finger  or  by  instruments  prior 
to  the  development  of  cystitis. 

Lundstrum  (l>>!iO)  isolated  from  alkaline  urine  obtained  from  pa- 
tients with  cystitis  two  species  of  stai>hylococci — Staphylococcus 
ureffi  candidus  and  Staphylococcus  ureio  liquefaciens;  from  albu- 
minous, acid  urine  he  obtained  Stre[ttococcuB  pyogenes.  Krogius  ob- 
tained from  the  urine  of  individuals  sutfering  from  cystitis  a  bacillus 
which  he  calls  Urobacillus  lit(uefaoiens  septicus.  Schnitzler  (,18i»o) 
fouud  the  same  bacillus,  or  one  very  similar  to  it,  in  thirteen  out  of 
twenty  cases  of  purulent  cystitis  examined  by  him.  In  eight  of  these 
cases  it  was  obtaineil  from  the  urine  iu  pure  cultiu*es,  and  in  five  it 
was  associated  with  other  bacteria.  In  twelve  of  these  twenty  cases 
the  cystitis  resulted  directly  from  catheterization;  in  the  others  it 
occurred  in  individuals  suffering  from  stricture  or  from  calculus. 

When  cultures  of  this  bacillus  were  injected  into  a  vein  iu  rab- 
bits, the  animals  died  iu  from  three  to  eight  days,  and  in  every  in- 
stance an  intense  nephritis  was  observed  at  the  autopsy — twice  with 
the  formation  of  small  aliscesses.  The  bacillus  was  found  in  the 
blood  and  the  organs  generally.  Injections  into  the  bladder  of  rab- 
bits almost  always  gave  rise  to  a  severe  purulent  cystitis — large  rab- 
bits were  selectetl  and  great  care  taken  not  to  injure  the  mucous 
membrane  of  the  bladder.  Schnitzler  was  not  able  to  induce  c_\*stitis 
in  rabbits  by  injecting  in  the  same  way  considerable  quantities  of  a 
culture  of  Staphykx*<x"cus  pyogenes  aureus. 

Guyon  (1S88)  did  not  succeed  in  inducing  cystitis  by  the  injection 
of  pure  cidtures  of  various  micro4Jrganisms  into  the  bladder,  unless 
he  at  the  same  time  produced  an  artificial  retention  of  urine.  His 
experimental  results  are  therefore  in  accord  with  those  of  Rovsing, 
who  found  that  without  mechanical  injury,  or  artificial  retention 
until  ammoniacal  fermentation  had  occurred,  no  results  followed 
injections  into  the  bladder. 

According  to  Schmidt  and  Aschoff  (1803)  subsequent  resear 
indicate  that  some  of  the  species  descrilied  by  Rovsing  as  being  new 
are  in  fact  varieties  f»f  Bacillus  coli  communis. 

The  identification  of  the  Bacillus  pyogenes  of  Albarran  and  Halle 
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(Baclerie  soptique  of  Cltuld)  with  Bacillus  coli  communis  was  first 
made  by  Krogius  (1801),  atid  about  the  same  lime  by  Achard  and 
Renault. 

In  twelve  cases  of  cystitis,  six  of  which  were  complicated  with 
ascending  nephritis,  Krogius  demonstrated  the  presence  of  Bacillus 
coli  communis,  and  showed  that  in  its  growth  in  culture  media  it 
oorresjKjnded  with  the  Bacillus  pyogenes  of  previous  authors.  In  a 
second  c^mmiiuicution  Kro^iiius  states  that  in  twenty-two  oases  of 
cj'stitis  studied  by  him  he  obtained  Bacillus  coli  communis  sixteen 
times,  and  of  these  fourteen  times  in  pure  culture.  He  also  calls  at- 
tention to  the  fact  that  in  those  cases  where  no  other  inicrooriirauism 
was  associated  with  tlie  colon  bacillus  the  urine  was  alwaj-s  acid — 
a  statement  which  is  sustained  by  the  subse«juent  researches  of 
Schmidt  and  Aschoff.  He  also  gives  details  with  reference  to  the 
pleomorpiiism  of  this  bacillus  and  difterciices  in  the  apitearance  of 
gelatin  cultures  from  different  sourcey,  tlie  growth  Ijcing  sometimes 
opaque  and  sometimes  transparent.  When  cultures  of  this  bacillus 
were  injected  into  the  bladder  of  rabbits  and  retained  bj'  ligating  the 
urethra,  an  intense  cystitis  was  developed  in  from  twenty  to  thirty 
hours.  Injections  into  the  ureter  gave  a  result  similar  to  that  Bul>se- 
quently  reported  bj-  Schmidt  and  Aschoff.  The  animal  died  in  about 
two  days,  and  ftyelitis,  together  with  more  or  less  necrosis  of  the 
renal  epitbelium,  was  found  at  the  autops)-.  Reblaub  (18!f'.!)  ob- 
tainetl  Bacillus  coli  communis  in  pure  culture  in  bix  out  of  sixteen 
cases  of  cystitis  examined. 

In  their  latest  publication  Achard  and  Renault  arrive  at  the  con- 
cluson  that  there  are  some  differences  lietween  their  "urobacillus" 
and  Bacillus  coli  communis,  which  they  .state  as  follows : 

1.  Upon  most  media,  especially  upon  malt  agar,  the  growth  i« 
more  luxuriant. 

3.  Cultures  of  the  urobacillus  upon  potato  appear  grayish  while, 
very  luxuriant,  and  have  many  gas  bubbles. 

3.  The  urobacillus  develops  much  gas  even  in  gelatin  and  agar 
cultures  containing  little  sugar. 

Morelle  (is<i',>)  and  Denys  (18ft2)  in  their  bacteriological  re- 
searches obtained  from  numerous  cases  of  cystitis  a  bacillus  which 
they  identified  with  Bacillus  lactis  aerogenes  of  Escherich.  But  the 
last-mentionml  author  has  since  statetl  that  this  bacillus  preseiit.s 
varieties  which  cannot  be  distinguished  from  the  typical  cultures  of 
Bacillus  coli  communis. 

Tlie  recent  researches  referre*!  to  having  shown  that  Bacillus  coli 
communis  is  very  commonly  present  in  the  urine  in  cases  of  cystitis, 
and  often  in  pure  cultures,  its  etiological  relation  to  the  disease  in 
question  seems  probable  ;  and  this  view  is  further  sustained  by  exper- 
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iinents  upon  animals  and  by  the  demonstrated  fact  that  retentioD  of 
urine  per  se  does  not  give  rise  to  inflanTmation  of  the  bladder.  But 
this  is  not  the  only  microorganism  which  is  capable  of  causing  a 
cystitis  when  introduced  into  Ji  Itladder  which  has  suffered  some  kind 
of  mechanical  injury  or  has  been  subjected  to  the  action  of  chemical 
irritants  contained  in  the  urine.  The  researchesof  Krogius,  Schnitz- 
ler,  and  of  Schmidt  and  Aachoff  show  that  next  ttj  the  colon  ba- 
cillus the  niicrourgauisms  most  commoul)'  found  in  cases  of  cystitiB 
and  of  pyelonephritis  is  a  jiroteus  (Proteus  vulgarigV). 

At  the  date  of  the  publication  of  the  monograph  of  Schmidt  and 
Aschoff  the  Bacillus coli  communis  had  been  found  in  pure  culture  in 
sixty  caaeH  of  cystitis,  and  the  proteus  in  thirteen  casee. 

An  important  point  to  be  kept  in  view  is  the  fact  that  when  Ba- 
cillus coli  communis  is  found  in  the  urine  in  pure  culture,  this  fluid 
is  more  or  less  acid,  as  the  bacillus  in  question  does  not  give  rise  to 
alkaline  fermentiition,  at  least  not  under  the  conditions  found  in  the 
bladder  and  in  the  absence  of  retention.  But  when  proteus  is  preeent 
the  urine  is  ahnost  always  ammoniacal. 


DENGUE. 

McLaui^hlin  (1866)  ha-n  claimed  tu  Bnd  microc-occi  in  the  blood  of  pAtteob 
suifeinnj;:  from  donffue.  No  satisfactory  cviiieiice  of  iheLr  ctiolopcal  relation 
has  been  pre.>ieuted,  and  hi^  ol>servatti>iis  have  not  yet  been  contirmed  by 
other  investigators. 

DENTAL   CARIES. 

Tlio  i'.\teiidw)  ^searches  of  Miller  leuil  liim  l/>  the  etmcluaion  that  dental 
carifs  is  tiut>  t<i  VHriims  inioroiii-ganisiiis  dfscrilM'd  by  hini.  In  a  (taper  pub- 
JLshed  in  1894  his  eonclusiona  are  formulated  as  foUows : 

•'1.  In  infectious  processes  in  the  puli*,  almost  without  exception,  we 
havf  a  mixed  infection,  and  cocci  itiid  bacilli  ait-  found  vrith  alxiut  equal  fre- 
quenuj' ;  somewkat  less  fi-equeutly,  lunir  slender  lilameuts  and  spiml  forma 
are  fiicouiitcred.  At  times  vtry  jteculiaf  fonus  aix'!  seen  ;  s]iore-bearing 
rod-s  iind  filaim'tit^  .are  occusioually  encountered. 

" '£.  Tlin  microscopical  examiuatiou  of  cover-glass  pre|>arations  justiflea 
the  view  that  micrococci  af<^  especially  concerned  ni  the  pnxluction  of  pus. 

";4.  The  bacteria  make  their  way  to  the  ptd]i  principally  through  the 
carirKis  dentine,  and  a  thin  layer  of  liaixl  dentine  does  not  protect  it  with  cer- 
tainty from  infection.  Infcotioii  of  lire  imtp  through  the  blood-veasela  maj" 
be  jHMisible  in  certain  cnses,  but  has  not  t>een  dem<>ustrated. 

"4.  The  pulp  is  predispo««'d  to  infection  by  the  action  of  products  fomml 
in  the  carioiLi  dentine  (acid.s-ptomaines). 

"5.  lu  disease  of  the  pulp  bacteria  ai-e  rhieHy  concerned  which  cannc* 
be  cultivated. 

"(J.  Variou.s  bacilli  whieb  can  be  eultivatetl  have  been  found  in  diapaood 
pulp,  but  for  the  most  j»art  they  ai-e  non-itathogenic. 

"7.  The  (y|iical  ]iyogenic  cocci,  Streptococcus  pyogenes  aureus  and  albus, 
and  Streptococcus  pyogenes,  ai'e  seldom  found  in  pus  fi-om  tlie  pulp.  On 
the  conti-ary,  various  cocci  are  found,  e.siKH-ially  a  group  of  neaj'ly  related 
suecies,  which  cause  pus-formation  in  mice.  This  question  lias  not  yet  been 
clearecl  up. 
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'8.  A  micrococcus  which  I  could  ideutifj' with  the  micrococcus  of  8pu- 
tum  scpticffoiia,  j'.e.,  the  pnexiriiococcus,  in  spite  of  numerous  exnerimeiits 
ou  animals,  I  liave  as  yet  failed  to  lind.  At  best  wo  can  only  speak  of  a  va- 
riety of  the  pneitmococcus. 

"9.  Thy  action  nf  the  pulp  cocci  is  pT"PfitJy  increased  by  putrefactive  proc- 
esses. A  putrid  pulp,  whether  bacteria  may  be  obtainwl  from  it  in  pure 
cultures  ur  not,  is  always  n  tlaiij^fi"ous  iufectious  iiialfniiil. 

"  10.  Putrid  deconiixisitiou  of  the  tootli  ]»ulp  is  caused  bv  various  bacteria, 
and  the  putrid  pro(h>ct.s  are  not  always  the  same.  In  addition  to  easeiius 
products  (NH.,  SHa)  there  are  various  other  substances,  tlie  nature  or  which 
haa  not  been  determined," 

DIARRHCEA. 

In  the  preen  diarrhciea  of  infants  Lesage  obtained  a  bacillus  (No.  lOfi) 
which  he  supposwi  t<i  \w  the  cau.se  of  the  nialaily.  His  bacUlus  is  probably 
identical  with  Bacillus  fluoresceus  non-liquefacieus.  Vog-Jer  (1893)  obtained 
from  a  diarrha^al  stool  a  vibrio  tUtfercnt  fi"om  that  of  cholera,  and  which 
was  not  ijathogeuic  for  ffuinea-pigs.  We  have  referred  to  the  researches  of 
B<x>ker  and  of  .letfrios  under  the  heading'  "Cholera  Infantum,"  Bajinsky 
(1894)  agrees  with  Fliig'g'e  in  brlievinfr  tliat  the  lo.xins  prodnceil  by  bacteria 
are  the  usual  cause  of  sunmier  diarrhera  in  childi-en,  a  view  iu  which  we 
fully  concur.  But  there  is  no  reason  to  suppose  that  any  lyarl  tcular  uiici-o- 
organism  of  this  c!as.s  has  a  specific  role  in  the  etiidogy  of  affections  of  this 
class.  Probably  bacilli  of  the  <'oloii  KTtiup  and  of  the  protcus  g-poup  are  more 
fr-equentty  than  any  others  resiMinsible  for  jjastro-int^'stinal  troubles  in  chil- 
dren. They  are  very  widely  uislributed  and  nniltiply  with  great  raindity 
under  favorable  temiwrature  comlitions  in  milk  or  other  articles  of  liquid 
food. 

DIARRHCEA   (INFECTIOUS)    IX  CALVES. 

Jensen  fl892)  has  investijcated  a  fatal  infectious  disease  of  calves,  charac- 
terized bydiarrlio'a,  (>tc,,  and  concludes  that  it  is  due  to  a  bacillus  which  cor- 
responds with  Bacillus  coli  couiiuuuis  in  all  I'csjjects,  except  in  it.s  increase<? 
virulence.  In  the  contents  of  the  inte.-stine  of  calves  which  have  recently 
succuuiIkhI  ti»  the  malady,  the  bacillus  is  found  almost  in  pui*e  culture  ;  also 
in  the  inflamed  mucous  membrane,  in  the  hyiterajmic  nu^senteric  glands,  and 
iu  the  blood  and  various  orjrans. 

Calves  fed  with  acultuw  of  Ihis  bacillus  invariably  died  within  twti  or  three 
day.s,  and  the  bacilli  \vcn>  found  in  alnuist  pure  culture  in  the  c(nilents  of  the 
intestine,  and  in  great  ukunbei's  in  the  blimd  and  organs.  The  subcutaneous 
injection  of  four  cubic  ceutimetres  i)f  a  lx>uilk>n  culture  caused  fatal  septi- 
caemia. 

DIPHTHERIA. 

The  Klebs-Ltiffler  bacillus  (No.  47)  is  now  generally  recognized  as 
the  specific  infectious  agent  iu  diphtheria. 


DIPHTHERIA  IN  CAL^STIS. 
Due  to  liiflfler's  Bacillus  dijihtherite  vitulonun  (No.  SO). 


DIPHTHERIA  IN  PIGEONS. 

Due  toLotHer*8  Bacillus  diphtherite  coluttibrarum  (No.  49). 
41 
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DOGS,    INFECTIOUS   DISEASES  OF. 

According  to  Schantyr  (1803)  the  so-called  "distemper"  in  dogs  includeti 
three  different  infectious  diseases — "abdominal  typhus,  typlioid,  and  genuiiis| 
diflteniper. '"     In  several  ciises  of  so-called  dLstemi)er  ( ' '  sta  upe  ")  he  obtained  i 
bacillu.s,  previously  descrilwd  bvSenimer,  which  roiirodiiced  tlie  disease  whe 
iuoculuted  into  healthy  animals.     This  bacillus  ctfjsely   resembles   BacLllutj 
typhi  abdominalis,  ami  is  i>erhaps  identical  with  it,  but  its  virulence  for  ani- 
mals is  greater.     In  typhoid  of  dogs  lie  fi>und  in  the  blood  and  various  or 
gans  small  bacilli,  whioli  stained  by  Gram's  methoit  and  also  closely 
Bled  the  bacillus  of  typhoid  fever  in  man.     Young  dogs  died  within  ashov 
time  when  inoculated  with  cnltui-e.s  of  this  bacillus.     In  thirteen  casc« 
genuine  distetui>er,  Schantyr  found  in  the  blood  and  organs  a  great  number  _ 
of  bacillt,  from  I  to  2/'  long,  mostly  associated  in  groups,  which  he  was  not' 
able  to  cultivate  in  the  usual  media.     Once  only  he  obtmned  an  agar  culture 
and  frfim  this  a  culture  on  blood  serum.    Two  out  of  thi<ee  dogs  inoculated 
with  this  culture  dietl  of  distejuper. 

Galli-Valerio  (18H.5J  has  reviewed  the  literature  relating  to  the  etiology  of 
distemper  in  dogs,  and  i-ejwrU  the  results  of  his  ovni  inveatigatioQa.    Bti 
found  constantly  in  young  dogs  which  succumbed  to  the  disease  an  oral  b*ft| 
cillus,  1.25  t<i  2.5  ft  long,  and  0.31  p  thick.     This  was  pr&sent  in  the  luiigiy| 
the  brain,  and  the  spinal  marrow,  but  never  in  the  blood.     In  gelatin  ctd« 
tures  gas  hubblos  appeared  along  the  hue  of  puncture  within  twenty-fouf  1 
hours,  and  a  small,  white,  wa.x-like  ]Mjint  was  develoiMnl  on  the  siu-face  ;  latepj 
along  and  narrtnv  funnel  was  seen,  but  thus  did  not  contain  liquefied  gclatia.] 
The  bacillus  was  rejidily  staine<l   with  the  aniline  colors  and   by  OramiV 
method.     A  young  dog,  five  months  old,  succumbed  to  a  subcutaneous  inocn-l 
lation,  at  the  end  of  eighteen  days,  with  all  tbie  symptoms  of  distemper.     Andf 
the  bacillus  was  recovered  from  the  pustules,  tlie  lungs,  brain,  and  spinal 
marrow. 


DYSENTERY. 

While  the  evidence  seems  to  support  t  ho  view  that  certain  ca.sen  of  dyBm<^ 
tery  are  due  to  the  presence  of  tlm  atnu'hii  c«»li,  Ihis  jiarasite  is  not  found  ] 
others.     Thus  in  twenty  cases  studied  by  Maggiori  (1893)  it  was  only  found  ii 
one  ;  and  in  an  epidemic  of  dysentery  in  Japan,  studied  by  Ojjata,  amirbiu^ 
were  not  found  in  the  discharges.     In  the  epidemic  observed  r>y  Maggiort,! 
three  deaths  occurred  out  of  two  thousand  and  one  cases  ;  the  duration  of  ttel 
disease  was  from  si.x  to  twelve  days.     The  bficteriological  examination  dem*] 
onstratetl  the  presence  of  Bacillus  coli  t^ommunisin  great  numbers,  and 
mast  of  the  cases  of  Proteus  vulgaris,  hut  not  in  great  abundance ;  in  i 
cases  Bacillus  tluoresceus  liquefacieus  was  found  ;  in  two  Staphylococcc 
pyogenes  aureus  ;  in  one  Stapuyhx'occus  in'ogenes  albus  ;  in  fiveout'of  eleve 
Baculus  pyocyaiieu.s  insmall  numbers.     Tlte  colon  bacillus  and  Bacillus  pyo»| 
cyaneiu  provetl  to  lie  very  Wrulent     Ogata  found  in  then^centdischargesCio? 
great  numbei-s,   fine,  short  bacilli,   which  liquefif^  gelatin  and  staine<l  bjrj 
Gram's  metlio*!.     This  bacitlu.s  proved  to  he  pathogenic  for  animals,  and  WJ 
believed  by  Ogata  to  have  been  the  cause  of  the  ejiidemic  observed  by  him. 
Arnaud  (lSi)4)  investigated  sLtty  cases  of  tropical  dvsentery,  and  arrives  at  th<t] 
concliLston  that  it  is  due  to  a  pathogenic  variety  of  the  colon  bacillus.     R» 
dogs  inoculatetl  in  the  rectum  with  Ids  cultures  of  this  bacillus  had  dysent   , 
ajs  a  result  of  these  inoculations,  with  chararteristic  ulceration  of  the  rolnn, ' 
Laveraii  ((1893),  also,  only  found  ania-b:n  in  one  case  out  of  ten  of  "  Fnfo.) 
{lean  dysentery  "  studietl  by  him    A  bacillus  which  was  apparently  '  I 

with  Bacillus  coli  communis  was  present  in  great  numliers.     Ben 
Baucher  (1893)  have  studied  an  epiilemic  among  tlie  tnH)i»s  stationed  m  ^  i;  r- 
bourg.  and  arrive  at  the  <-onclusion  that  no  one  of  tlie  micriMtrganisms  found] 
by  them  can  be  considered  as  sjiecilic  for  the  disease.     They  found  amotif  I 
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other  bacteria  present  in  tlio  dysenteric  disehurges  :  Bacillus  coli  commuiiia, 
Bacillus  jtyocyancus,  BacilliiH  fUioresceiia  liijuefaciens,  Staphylococcus  pyo- 
^ue8aureu8,  and  Bacillus  tt-deinutis  luatigui. 


ECLAiMPSIA. 


Gerdea  (1892;  obtained  from  the  kidneys,  lungra,  liver,  and  blood  from  the 
aorta  of  two  fatal  cases  of  puei-peral  convulsions  a  bacillus  which  lie  sujjjKwed 
to  be  the  cause  of  the  disease.  Hofiueister  (18112)  has  shown  that  tliu  bacillus 
of  Gerdes  was,  in  fact,  the  well-known  saprophyte,  Proteus  vulgaiis.  Haeg- 
ler  (1892)  in  examinations  of  the  blotnl  of  cases  of  puerperal  eclampsia  always 
hail  a  negative  result^  but  in  t!ie  urine  various  bacteria  were  found — in  one 
case  Proteus  vulgaris,  in  one  Micrococcus  lu-eip,  in  one  Staphylococcus  pyo- 
genesalbus,  in  oneadiplococcus  which  was  probably  idcntica.1  with  the  micro- 
coccus of  croupous  pneunioiiia.  Doderlcin  f  18i>S)  also  failed  to  lind  bacteria 
of  any  kind  in  the  bUiodof  patients  with  puerperal  eclann>8ia— or  in  theurine. 
Bar  and  Renon  {lBE)4j,  in  tliree.  cases  in  which  a  bacteriological  examination 
of  the  liver  was  made  imitiediately  after  death,  found  in  one  Staphylococcus 
pyoge.iif^  albus  and  aureus;  in  the  other  c.ises  cultures  from  the  liver  i-e- 
mained  sterile.  Combemale  and  Bue  <1892)  report  that  in  four  ciises,  in 
whicli  there  was  albuminuria,  oxlema,  and  <listurl>ance  uf  vision,  a  bac- 
teriological examiualion  of  the  blootl  demonstratetl  tlie  presence  of  Staphy- 
lococcus pyogenes  albus,  alone  or  associated  with  Streptococcus  pyogenes 
albuB. 


ECZEMA. 

Unna  and  Tommasoli  (1889)  have  describetl  three  species  of  mici-ococci 
[  and  six  bacilli  obtamed  from  cAnen  of  eczema  seborrhoicum  which  they  re- 
garded as  new,  viz. :  Bacillus  lirjuefacieiis  Huorescens  miiiutissimus,  Bacillus 
aureus,  Bacillus  spinferus,  Bacillus  albicans  pateriforniis.  Bacillus   ovatus 
^minutisaimus,  Ascobacillus  citreus,  Diplococcus  citreus  liquefacieiis,  Diplo- 
'cocxiuB  lifiueftu'iens  tanlus,  Diplococcus  albicans  tardus. 

Merrill  {IKM)  has  nunlc  a  bacteriological  study  of  fifty  cases  of  eczema 
seborrhoicum.  In  two  cases  tlie  re.su It  wa«  nejjattve,  "it  being  unpossible  to 
obtain  any  grtjwth  from  the  scales  by  any  nietlioil."  In  the  remaining  forty- 
eight  cases  ljact4'riawere  olitaiued  in  cultures,  made  at  the  i-oom  temperature. 
"Pure  cultures  obtained  in  the  ex]>eriment.s  showed  thi*ee  distinct  varieties 
of  bacteria  which  may  Iw  de.signaled  Nos.  1,  2,  and  3.  In  thirty-one  cases 
all  three  were  pre.senl  \  in  seven  only  Nos.  1  and  2 ;  in  two,  Nos.  1  and  3  ; 
in  five.  No.  1 ;  and  in  one,  No.  3  alone.  Staphylococcus  pyogenes  aui-eus 
■was  also  obtained  in  one  cJLse  and  Bacillus  fluoi-escens  liiguefacieus  niiuutis- 
simns  in  thi-ee.     The  b.'icteria  found  ari>  descril>ed  as  follow.s  ; 

"  Varietu  1. — Small  diplococei,  single  or  in  irregular  groups.  The  {arts 
forming  each  diplococcus  are  round  or  only  siiglitly  oval.  The  germs  are 
aerobic,  non-lirjuefving,  and  non-cliiMniiogenir.  At  70  F.  thev  gn»w  rap- 
idly. On  gelatin  ))lates  the  deep-seutetl  colonies  remain  alxjut  tlie  size  of  an 
ordinary  pin's  head  for  weeks.  The  superficiul  colonies  are  round,  white, 
with  slightly  raised  surfaces,  and  suitH>tb  or  soraewhat  irregular  birders.  In 
its  gi-owth  the  cohuiy  JitJhere.'i  very  ni'iirly  to  its  circular  form.  Aftej-  the 
first  week  the  centre  In'gin.s  to  turn  darker,  and  with  increa-sing  age  of  the 
colony  the  whole  surf;we,  hitherto  snKM-)tli,  begins  to  l)e  wrinkle<l  anil  the 
edges  become  irregular,  a.s  though  the  eva[)orati<in  of  the  water  r;nu.sed  con- 
traction. At  the  end  of  three  weeks  gi-owth  smxios  to  stop,  and  tho  colony 
changes  from  its  orighial  white  color  to  a  dusky  brown.  On  agar-agar  the 
appearances  closely  resemble  those  of  the  gelatin  colonics,  except  that  it  is 
slower  in  it.s  gn>wth  and  it**  surface  has  a  whiter  lusti-e.  (^ti  jx>tato  the 
jfrowth  l>egins  to  l>e  vi.sible  nn  the  second  day.  On  the  fifth  day  it  is  cream 
white,  smooth,  raised  about  a  tenth  of  iin  inch,  and  its  edges  ai-e  irregular 
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and  scalloptHl.     At  this  liuic  it  covers  about  two-tlunls  of  the  surface  of  a 

Jianieter.     After  tbe 


}vilali)  stick  half  an  inch  in  di 


week  the  grovslh  is 


slow,  iiucl  at  tlu'  agt^  of  ihret^  wppks  its  size  only  equals  that  of  the  first  wwk. 
hut  the  (■((loiiv  itself  is  .shrivelled,  dned.  iuid  dark  in  enlor.  In  milk  the  ciU- 
tm-e  had  <ni  tLe  sec-oiid  day  a  sliii'ht  ^rvenish  tinjire,  which,  by  the  fifth  day, 
h:id  disiiiipeaivd.  The  u]>]M'r  ([uai't^i-  ineh  of  the  uiilk  seenis  slightly  thicker, 
but  no  uihei'  chautre  is  visible  in  the  naked  eye. 

"  Varii'tif  2.  —  lu  a)>[K'ai-anec  it  i.s  ahiuwt  identical  with  Variety  1,  except 
that  it  seems  inore  iival  in  foi'in.  This  diplococcus  is  aerobic,  non-liquefy- 
inff,  and  chi-omouenic.  An  in  Variety  1,  the  ordinary  changes  of  tenifieni- 
turc,  as  <H-cur  fi-nni  the  mbition  of  the  sea.sons  of  the  year,  ivtanl  or  acceler- 
ate the  (frowth  of  the  culture.  On  Petri  dinhcs  of  f^elatiti,  the  minutr^ 
njund,  j-ellow  e(doiiies  apiRMir  on  the  Uiii-d  or  the  fourth  day.  Those  on  the 
surfiuie  grow  slowly,  are  sliplitly  raised,  ami  have  .smooth  bonlers.  After 
the.  first  week's  gi-owlh  the  centre  shows  a  dee jter  oranjje  color.  Oti  agar- 
ogur,  the  growtli  is  slightly  lustmus,  thicker,  and  of  a  ligrht  oraiijre  color. 
On  piifafn,  a  deep  ffoklen  layer  develoi)s,  which  is  well  rai.se<l  and  Itas  IrrrTp- 
nlar  hitrtlers.  In  milk,  this  dipbx'oecus  grows  ns  Variety  1  dix*^  excefit 
that  afti-r  ti^n  days  the  upiu-r  hiyer  of  the  uiilk  is  thickened  and  has  turned 
the  -same  g-tddeii  color  nieuliimed.  In  xtab  cultures  of  Varieties  1,  and  t  the 
gTfnvth  adheivs  jiretty  closely  to  the  jnuictiu'c*  line,  /JTradually  spreading 
down  it  iind  over  the  surfiice. 

"  Varietif  3. — A  bacillus  with  rounded  end.s,  single,  in  pairs,  or  in  «hoTi 
or  long  chains.  It  is  aci-ohic  ami  anaerobic,  motile,  Hquefying^,  and  non- 
chrouiogeuic.  In  gelatin  tulies  a  grayish- white  gnjwth  commences  on  Uie 
.*ieeond  day.  In  smear  cultures  a  pit  of  liquefied  gelatin  Ls  formetl.  and,  W- 
niaiinng  of  the  .same  irivgular  ishape  a.s  the  smear,  it  gratlually  deepens  and 
contains  at  tin?  bottom  a  wliiti.sh  sediment.  In  sUil>  cultures  the  rewultini^  pit 
is  till'  shape  of  the  puncture  anil  cont;iins  the  same  white  sediment.  On  ngkr- 
agar  the  growth  is  whitish,  its  surface  raised,  without  lustre,  and  its  border 
uidented. 

"  Inoculation  experiments  wei-e  attempted  in  twelve  cases.  Tlie  site  "if 
inoculation  clmseii  wits  the  hairy  sealji,  or  over  the  hternum.  After  Ihor 
oughly  sterilizing  the  skin,  two  or  threfj  hairs  were  pulled  out  and  the  skin 
sliglitly  abraded,  an  in  Yac<-inalion  ;  portion.s  of  an  a<"tively  growing  eulturv 
were  then  rubbed  in  with  a  sterilized  platinum  needle.  Witli  No.  3  twt) 
attempts  wei-e  msule  and  both  failed.  Willi  No.  1  tive  attempt.^  were  made. 
Of  these,  one  was  a  failure.  In  the  four  otbi-rs  the  t-dges  of  tne  intX-ulation 
stlHtbi  began  to  gi-ow  slightly  r*'dilenwl  from  the  fourth  to  the  sixth  day,  and 
small  scales  formed  ou  the  surface.  By  the  seventh  to  the  tenth  day  th^H 
•spot.'i  hiul  increased  in  size  and  were  covered  with  dry  white  scales.  Ocal|^^H 
taken  fi-om  lliese  sjKit.s  and  placed  in  suitable  cultuiv  media  iu  each  casepaT^^ 
rise  to  pui-e.  cultuiivs  of  thplococcus  No.  1.  Variety  No.  2  was  used  oa«. 
On  till?  si.xtb  day  yellowish  scale.s  anpeared  over  the  surface.  Tliey  gnw 
slightly  more  markwl  on  the  tenth  day,  and  the  lesion  then  closelj'  reaem- 
blcd  certain  typical  forms  of  selKirrho.>ic  eczema.  Diplococcujs  No.  IL  wm 
found  in  the  cultivatiojis  from  these  scales.  The  last  four  inoculations  wrrt 
mmlo  with  both  No.  1  and  No.  2.  Of  these,  one  was  a  failure.  Anotirr 
showed  a  small  s^xit  covered  ^vith  a  few  bi-anny  scales,  too  snuiU  to  allow  of 
any  couidusions  being  drawni.  In  the  other  two  a  diange  began  on  the  fourtli 
day.  The  bases  began  to  redden,  and  tyi)ical.  crumbly,  greasy  scales  begun 
to  cover  the  Rurfawa  and  pile  n\y  in  the  centres.  On  the  eighth  day  the  sput* 
were  an  eighth  of  an  inch  acixwts.  and  re]>resente<l  patches  of  seborrhu'i'' 
ecaeina.  Both  Nos.  1  and  2  could  lie  cultivated  from  these  scales.  It  i» 
possible  that  Variety  No.  2  may  have  given  the  yellow  color  to  these  «iotl*s, 
as  it%vas  absent  in  the  successful  cises  using  No.  1. 

"The  result  of  the  twelve  ino<nilation  experiments,  therefore,  are  :  Hrt 
failures.     Seven  cases  in  whicli  definite  lesions  were  produced." 
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ECZEMA   EPIZOOTICA. 

Sifnonym. — Fcnit  and  inoiuh  disi'tuse. 

Tliia  Ls  ail  iiifectunis  tlisejuse  t»f  hornt'd  cattle,  cliaracterized  by  a  vesicular 
erujjtion  in  the  mouth  and  about  the  feet.  It  atfet'ts  iilso  sheep  and  pigs  and 
may  be  eomiuunicated  to  man. 

ScliotU'Iius  (1892)  has  described  a  microorganism  which  he  thinks  may 
Ti>ear  au  cliolog-ical  i-elatiou  to  tiie  disease.  His  iiKwulatiort  exjx'iinients  tU> 
not,  however,  »u»taLu  this  view,  inaj»much  as  the  characteristic  vesic1e.s  were 
never  develoiMnl  in  it»K.ulated  calves,  and  experiments  nixju  otiier  animals 
gave  a  negative  i-esuit.  In  yon ujet  cattle  siuall  do«es  (one  cubic  ceiitinieti'e) 
of  a  bouillon  culture  pave  rise  to  a  slight  fever  and  loss  of  ainietite,  virliile 
larger  doses  pr()diR'ed  au  ititen.se  fever,  sjilivation,  and  great  deuility.  But 
KKX)very  m-ourrcd  at  (he  end  of  five  or  six  days  without  any  aphthous  erup- 
tion. Schotteliu.s  obtained  from  the  clear  contents  of  the  vesicles  [u  the 
month  various  iHwteria  which  he  lielievcs  to  have  been  accidentally  pM\sent. 
After  makiiie  a  ciJURiderable  luimber  of  culture  exiK'rimeul.s  liis  attention 
wa«  attnw;led  by  a  sphericjil  mici-oiirpanisni,  united  in  chains,  which  prew 
Terv  slowly  ui  the  ortliiuiry  cultui-e  meilia.     This  he  describes  as  folh>vvs: 

The  individual  cells  vary  greatly  in  diameter,  and  are  considerably  larger 
than  known  mifrocm-ci ;  they  are  associatetl  in  longer  or  shorter  chains,  and 
aj^!  endowed  with  active  iimvenients.  According  to  Sclroltelius,  they  be- 
long to  the  ^^strcptcK'i/feu''  rather  lluin  to  the  sti*eplwocci.  Tlicy  do  not 
stain  readily  with  methylene  blue,  but  may  be  stained  with  gentian  violet 
and  by  Gram's  uiethml.  Developnieul  dot's  not  occur  at  tern ])eratu res  Ih'Iow 
37"  to  39  (!.  The  UHwt  suitable  cultnrt*  nuHlium  waa  found  to  l>e  bouillon  or 
glycerin  agar  to  which  fornuite  of  soda  hail  I>een  sMlded  fanumnt?).  Cirowth 
occurred  in  an  atmosphere  of  CO,  us  well  a-s  in  atmospheric  air.  Upon 
plates  of  nutrient  agar — containing  glycerin  and  formate  of  .soda — at  37  C, 
very  delicate,  tUjnost  ti-ansparent  colonies  developed  ;  they  ■were  of  a  i>earl- 
gray  color,  with  an  ii-regulaj-,  i-osette-like  margin;  in  the  coui'se  of  several 
weeks  they  attaiiu'tl  a  diameter  of  one  to  one  and  one-half  millimetres. 
Upon  potato  a  sciuity,  grayish-white,  dry  layer  is  developed.  Under  the 
most  faviirable  conditions  the  developmcTit  was  very  slow — not  more  rapid 
than  that  of  the  tnliercle  bacillus. 

Kurth  (1H94)  obtainetl  from  the  contents  of  vesicles  on  the  udders  of  in- 
fected animals  seven  ditl'crent  niicrotirganisms,  six  of  which  were  not  con- 
stantly pre.sent,  while  the  seventh  was  found  in  great  tnnnbers  in  all 
cases,  with  one  exception,  and  was  also  jiresent  in  the  saliva.  This  was  a 
atreptococcua,  named  l.iy  Knrth  Htreplocoticus  involulus.  Piu-e  cultures  of 
this  strept<jcocciis  were  rubWd  into  the  mouths  of  young  sheep  and  calves 
without  result.  Sanfelice  (1S94)  in  an  extended  research  verified  the  pres- 
ence of  the  Sti-eptococcus  invohitus  of  Kurth  in  the  uplithous  vesic]e.s  and 
superficial  erosions  of  the  t<jngue  in  infeeleil  animals.  But  his  inoculattonss 
of  pui-e  cuHure-s  into  susceptible  animals  gave  a  negative  result,  and  hecon- 
cluties  that  this  streptoctx-cus  is  not  concerned  in  the  etiology  of  the  disease. 

Piano  and  Fiorentini  (1895)  arrive  at  the  ctnudusiou  that  the  disease  is 
not  due  lo  any  microorganism  belonging  to  the  schizoniycetes-  but  that  it  is 
f>n>bably  due  to  an  anueboid  uucrfHJrgaiifsm  which  is  found  in  the  contente 
of  the  vesicles  and  in  the  bhxMl  of  infecled  animals.  Tlii.s  condition  is  ia 
accortl  with  the  views  of  Schottelius  and  of  Behla,  and  will  pi-obably  prove  to 
be  well  founded. 

EMPYEMA. 

"A.  Frankel  (1888),  as  a  result  of  bis  bacteriological  studies  in 
twelve  cases  of  empyema,  divides  the  cases  into  four  groups.  In  one 
group  of  three  cases  Streptococcus  pyogenes  was  the  only  microor- 
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ganism  obtained  in  bi^  cultures  or  seen  in  stained  preparations  of 
pus  from  the  pleural  cavity.  In  a  second  group  of  three  cases,  oc- 
cun'ing  in  the  course  of  a  pneumonia,  the  onl)'  microorganism  pres- 
ent was  "diplococcus  pneumonia?"  (ilicrococcus  pneumonije  crou- 
poHa?).  The  third  group  included  four  cases  of  tubercular  empyema; 
in  one  of  these  tubercle  bacilli  only  were  found  in  pus  from  the 
pleural  cavitj',  in  one  case  streptococci  were  found,  and  in  two  no 
microorganisms  were  found.  In  the  fourth  group  of  two  cases  the 
empyema  resulted  from  the  opening  of  an  absoess  into  the  pleural 
cavity,  and  streptococci  were  found  in  the  pus. 

Netter,  in  a  series  of  forty -six  cases  examined  by  him,  found  Mi- 
crococcus pneumoniie  crouposae  in  fourteen.  Koplik  (18!K>)  found 
the  same  microiirgaiiism  iu  seven  cases  examined  by  him,  and  Strep- 
tococcus pj'ogenes  iu  two  cases. 

Weintrand  (ItsyS)  has  reported  a  case  of  empyema  following  ty- 
phoid fever,  in  which  the  typhoid  bacillus  in  pure  culture  was  found 
in  pus  drawn  from  the  pleural  cavitj'  by  means  of  a  syringe. 

Prudden  (1S03)  found  microorganisms  in  every  case  examined  by 
him  (twenty-four) ;  in  seven  cases  out  of  eight  Streptococcus  pyo- 
genes was  present  in  pus  obtained  from  the  pleural  cavitj'.  In  the 
eases  of  metapneumonic  empyema  the  germ  most  commonly  present 
(in  nine  cases  out  of  eleven)  was  the  Micrococcus  lanceolatus  (pnea- 
mococcus).  In  four  cases  of  ftftid  empyema  various  bacilli  were 
found.  Staphylococcus  pyogenes  aureus  was  present  in  one  case 
only. 

Levy  (1895),  from  a  review  of  the  literature  of  the  subject  in 
connection  with  his  own  observations,  arrives  at  the  conclusion  that 
Streptococcus  pyogenes  is  the  usual  cause  of  purulent  inflammation 
of  the  pleura — found  in  sixty  per  cent  of  the  cases. 


ENDOCARDITIS. 


4 


The  experimental  evidence  relating  to  endocarditis  is  similar  to 
that  in  cystitis.  The  injection  of  the  microorganisms  found  attached 
to  the  diseased  structures  into  the  circulation  of  lower  animals  di»e8 
not  jiroduce  endocarditis  unless  the  valves  have  been  previously  in- 
jured by  mechanical  violence  or  by  chemical  irritants.  If  some 
duubt  remains  among  pathologists  as  to  the  etiological  relation  of  the 
microorganisms  found,  the  serious  secondary  results  of  the  mycotic 
invasion  are  well  e.st«blished.  In  a  series  of  twenty-nine  cases  stud 
ied  by  Weichselbaum  (1H8.5-1SSR)  the  following  resvdts  were  ob- 
tain6<l:  In  eight  the  result  of  culture  experiments  and  microeoopicdi 
examination  was  negative;  in  seven  "diplococcus  pneumoniae"  (Mi* 
crococcus  pneumoniaa  crouposje)  was  found;   in  six   Streptococcus 


-I 


BACTERIA  IN  INPECTIOrS  DISEASES. 


691 


pyogenes  j  in  two  Staphylococcus  pyogenes  aureus;  in  two  Bacillus 
endocarditidis  griseus  (Weicbselbaum) ;  in  one  Micrococcus  endo- 
carditidis  rugatus  (Weicbselbaum);  in  one  Bacillus  endocarditidis 
capsulatus  (Weichselbaum) ;  in  two  cases  a  l>acillu8  whicb  lie  did 
not  succeed  in  cultivating.  For  further  details  see  the  descriptions 
of  microorganisms  referred  to. 

Howard  (181)3}  reports  a  case  of  acute  ulcerative  endocarditis  in 
which  the  diphtheria  bacillus  was  present  in  pure  culture — also  ob- 
tained in  cultures  from  the  liver,  spleen,  and  kidneys.  In  a  case  of 
malignant  endocarditis  in  a  patient  with  gonorrhoea  and  gonorrhoea! 
rheumatism,  Leyden  (18ft3)  found  the  gonococcus  in  the  vegetations 
upon  the  valves.  Banti  (1H'J4)  in  22  cases  examined  obtained 
Streptococcus  pyogenes  in  7,  Staphylococcus  pyogenes  aureus  in  1, 
these  two  microorganisms  associated  in  3,  the  micrococcus  of  pneu- 
monia in  S  ;  in  2  no  bacteria  were  found.  Dessy  (1894)  also  exam- 
ined 22  cases  and  had  a  negative  result  in  2.  In  the  cases  in 
which  bacteria  were  present  he  found  "  Diplococcus  lanceolatus  eap- 
sulatus"  (Micrococciis  pneumonia  crouposae)  in  8,  Streptococcus  py- 
ogenes in  ?,  Staphylococcus  pyogenes  aureus  in  1,  Staphylococcus 
pyogenes  aureus  and  Streptococcus  pyogenes  associated  in  3,  Staphy- 
lococcus pyogenes  albus  and  Diplococcus  lanceolatus  in  1. 

ENDOMETRITIS. 

La  Place  (1892)  has  reported  the  results  of  his  bacteriological  investira- 
tionsof  the  secretions  of  the  endometrium  and  cervi.x  uteri  in  nealth  aud  dis- 
ease. He  found  numerous  bacteria  in  the  normal  secretions,  but  va.st)y  more 
in  secretions  from  Ihe  inflamed  eudonieti^ium,  "the  superficial  exfoliating' 
cells  also  coutaiiiinjf  them.''  "lu  clu-onic  endometritis  the  secrciioiis  con- 
tain about  as  nmny  infectious  organi.sms,  the  mucous  memiiiraHO  and  fib^'Olla 
tissiit-'  Ix-come  j^reatU'  hvpcrtropliied  under  tlie  continued  development  of 
these  organisnus,  and  whether  this  chronic  condition  be  simple  or  gonor- 
I'boeal.  we  lind  the  germs  both  ii»  the  epithelium  and  fibrous  tissue.  The 
mieroorfjanisms  obtained  from  the  secretions  of  women  with  eiidocervicitis 
were  the  ordinary  pus  cocci,  Bacillus  pyocyaneuB,  and  certain  otlier  bacteria 
designated  by  the  letters,  x,  y,  aud  z. 

Wolf  (1893),  iu  the  seci-etions  from  the  uUtus  in  eifrht  women  sidfering 
from  endometritis,  found  micrococci  in  Iw  most  numei'ou.s  ;  but  in  twit  cases 
bacilli  wei-e  found,  and  ia  one  a  vibrio  somewlmt  resembling  Koch's  "com- 
ma bacillus."    This  he  describes  under  the  name  of  Bacillus  cholero'ideB. 

ERYSIPELAS. 

Due  to  infection  by  Streptococcus  pyogenes  (No.  5). 

ERYTHEMA. 

Oordua  (1885)  obtained  from  a  series  of  caies  of  an  erysipelatoid  sldn 
affection  of  the  fiajrers  and  hand.s,  which  he  identified  as  cori-esjwnding  %vith 
erythema  exudativuni  multiforme  of  Hehra.  a  micrococcus  resembling 
Staphj-lococcua  pyogenes  albus  in  its  biological  characters,  but  which  he  de- 
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scribes  as  being  three  to  four  times  as  laree.  Inoculations  in  animals  were 
■witliout  result,  but  two  inoculations  \ipon  nis  own  band  pnxluced  a  dark-red 
tumefaction  in  the  vicinity  of  the  point  of  inix-ulaliou  resembling  that  in  the 
indiviiluals  fwjm  whom  be  obtaiuetl  liis  cultures. 

In  two  cases  of  "  nolymorphons  erythema"  Haushalter  (1887)  isolated  a 
st.reptocfjccus  wliich  ili<b  not  fwotluce  an  erysipelatous  inflammation  when  in- 
oculated into  the  ear  of  rabbits,  and  which  he  sufiposed  to  be  a  different 
species  (?)  from  the  now  better  known  Rtreptococeuspyopencj?.  In  fivecaseB 
of  erythema  nodosum  in  children  Deniine  obtaiinMl  a  bacillus  which  his  inocu- 
lation exjjerinients  pntved  to  lie  patboi^euif,  and  winch  was  perhaps  con- 
cerned in  the  etiology  of  the  skin  atfeilion  from  which  his  cultures  were  ob- 
tained (jw^e  Bacillus  of  Demme,  No.  1(J7). 

Finf^r  fl892)  has  reported  a  case  in  which  there  was  also  an  extensive 
diphtheritic  process  in  the  throat,  and  tnetuiiLatic  abscesses  in  the  kidneys 
and  uiyocardiutn  from  which  Streptococcii.s  jjyogenes  was  obtained  in  pure 
cultures.  In  the  erythema  papules,  also,  were  found  great  masses  of  strep- 
tococci, exclusively  in  the  blood-vessels  and  fillinfr  the  canillaries  of  the  pap- 
illary bodies  as  if  by  an  injection  mass.  In  erysipelas  tiie  streptococcus  la 
sot  found  in  the  blood-vessels,  but  invades  the  lymph  channels. 

FARCY   IN  CATTLE. 
See  Bacillus  of  Nocard  (No.  60). 

FISH,    INFECTIOUS   DISEASES   OF. 

See  Bacillus  piscicidus  (No.  173),  Bacillus  piscicidusajfilis  (No.  167),  Bacil- 
lufl  of  Emmericn  and  Weibel  (No.  169). 

FOOT  AND   MOUTH   DISEASE. 
Bee  Eczema  epizootica. 

FOWL  CHOLERA. 
Due  to  infection  by  Bacillus  septicivmia;  hemorrhagicaB  (No.  61). 

FURUNCULOSIS. 

Due  to  infection  by  the  ordinary  pus  cocci  (Nos,  1,  2,  K),  and  especially  hy 
Staphylococcus  pyogenes  aureus. 

PROGS,  INFECTIOUS  DISEASES  OF. 
See  Bacillus  hydrophilus  fuscus,  of  Sanarelli  (No.  81). 


GANGRENE. 

When  the  vital  resistance  of  the  tissues  is  impaired  by  malnutrition  and 
pressure,  or  by  au  itupi»ired  blood  supply  from  au.y  cause,  an  invasion  by 
saproijhytic  bacteria  is  liable  to  occur  and  a  more  or  less  extensive  gangreiM 
results. '  It  is  prolwble  that  the  infectious  disease  known  as  "  hospital  gan- 
grene" is  due  to  common  sapi-ophj-tes  which  have  attaine<l  increased  patho- 
genic virulence  as  a  result  of  special  conditions  relating  to  their  environment 
in  suppurating  wounds.  This  has  not,  however,  been  demonstrated,  and  ilia 
|M>s.sible  that  the  development  of  an  epidemic  of  hospital  gangrene  is  due  to 
the  introduction  of  some  pathogenic  microfirganism  dilterent  from  thaw 
usually  found  in  the  secretions  of  wounds  and  whi<-h  has  the  powej*  of  invad- 
ing healthy  tissues  when  introduced  into  an  open  wound. 
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GAS  PHLEGMON. 

In  four  ca-ses  of  so-cailetl  gas  phlegfinon  Friinkel  (E.)  found  an  anaerobic 
bacillus  named  by  him  Baeilhw  phle^niones  emphyBematosa;.  Cultun.-.s  of 
tins  bacillus  gave  rise  to  a  Biniilar  process  when  injected  subcuUuieously 
in  guinea-pigs.  In  a  case  repoi-ted  by  Bunge  (1894)  Bacillus  coli  ooni- 
muius  is  believed  to  have  l>eeji  tbe  infectious  fcgent  to  which  the  develop- 
ment of  the  gas  ptdegmou  was  due. 

GLANDERS. 

Due  to  infection  by  Bacillus  mallei  (No.  56). 


I 

I 


GONORRHfEA. 

Due  to  infection  by  Micrococcus  gonorrhoeeB  (No.  0) — "  Qono- 
coccus"  of  Neisser. 

GRANULOMA   FUNGOLDES   (MYCOSIS   PTJNGOIDES). 

RindileiBGh  (1885)  and  Auspitz  (1885)  report  the  presence  of  streptococci  in 
the  capillary  vessels  of  the  papillary'  lx>dy  and  of  tne  subcutaneous  tissue  in 
the  alfected  locaUties  in  cases  of  this  di.sease.  That  the  streptococcus  differs 
from  Streptococcus  pyogenes,  as  Auspitz  supposes,  has  not  been  delixutely 
established. 


GROUSE  DISEASE. 


See  Bacillus  of  grouse  disease,  of  Klein  (No.  76). 


L 

V  Due  to  infection  by  a  motile  bacillus  of  the  "colon  group" — 

I       Bacillus  of  hog  cholera,  <jf  Salmon  and  Smith  (No.  03). 

I 


HOG  CHOLERA. 


HOG   ERYSIPELAS. 


Due  to  infection  by  Bacillus  erysipelatos  Buis  (No.  67). 

HYDROPHOBIA. 

Notwithstanding  the  extended  researches  made,  eapecially  in  Pasteur's 
laboratory,  the  etiology  of  hydrophobia  still  remains  unsettled.  It  has  been 
demonstrated  by  experiment  that  the  virus  of  the  disease  is  located  in  the 
brain,  spinal  marrow,  and  nerves  of  animals  which  have  succumbed  to  the 
disi'ase,  a.s  well  as  in  the  sjtlivary  secretions  of  i-abid  animals,  and  that  the 
disease  may  be  transmitted  by  inti-avenous  inoculation,  or  by  intrt>ducing  a 
small  quantity  of  virus  beneath  the  dura  mater,  with  greater  certainty  than 
by  subcutaneousinoculations.  But  the  exact  nature  of  this  virus  has  not  been 
determined.  The  fact  that  a  considerable  intei"\'al  elapses  after  inoculation, 
before  the  first  symptoms  are  developed  indicates  that  there  is  a  multiplica- 
tion of  the  virus  in  the  body  of  the  infected  animal ;  and  this  is  further 
shown  by  the  fact  that  after  death  the  entire  brain  and  spinal  marrow  of  the 
animal  have  a  virulence  equal  to  that  of  the  material  with  which  it  was  in- 
oculated in  the  first  instance.  The  writer's  experiments  (1887)  show  that  this 
virulence  is  ueutr.ilivied  bv  a  temperature  of  60  C.  maintained  for  ten  min- 
utes—a  temperature  wliicli  is  fatal  to  all  known  pathogenic  bacteria  in  the 
absence  of  spores,     But  recent  experiments  show  that  certain  toxic  products 
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of  bacterial  growth  are  destroyed  by  tbe  same  temperature.  We  are,  there- 
fore, not  justified  in  assuming]  that  the  morbid  phenomena  are  directly  due 
to  the  presence  of  a  living  microorganism;  ana,  indeed,  it  seems  probable, 
from  what  we  already  know,  that  the  symptoms  developed  and  the  death  of 
tlie  animal  are  due  to  the  action  of  a  potent  chemical  ]K)ison  of  the  class 
known  as  toxalbumins.  But,  if  this  is  true,  we  have  still  to  account  for  the 
production  of  the  toxic  albuminoid  substance,  and,  in  the  present  state  of 
knowledge,  have  no  other  way  to  explain  its  increase  in  the  wody  of  the  in- 
fected animal  than  the  supposition,  that  a  specific,  living  germ  is  present  in 
the  virulent  material,  the  intrtKluction  of  which  into  tlie  body  of  a  suscep- 
tible animal  gives  rise  to  morbid  phenomena  characterizing  an  attack  of 
rabies. 

Pasteur  and  his  associates  have  tlius  far  failed  to  demonstrate  the  pre- 
sence of  microorganisms  in  the  virulent  ti.ssues  of  animals  which  have  suc- 
cumbed to  an  attack  of  rabies.  Babos  has  obtained  micrococci  in  cultures 
from  the  brain  and  spinal  con!  of  rabid  animals,  and  states  in  his  article  on 
hydrophobia  ill  "  IjBs  Bacttries"  (second  edition,  page  791)  that  pure  culturt* 
of  the  second  and  third  generations  induced  rabies  in  susceptible  animals;  but 
his  own  later  researches  do  not  appear  to  have  established  the  etiological  re- 
lation of  this  micrococcus. 

Gibier  (18S4)  has  reported  the  presence  of  spherical  refractive  granules, 
resembling  micrococci,  in  the  brain  of  rabid  animals,  which  he  demonstrated 
by  rubbing  up  a  little  of  the  cerebral  substance  with  distilled  water.  As 
these  supposed  micrococci  did  not  stain  with  the  usual  aniline  colors  and 
wore  not  cultivated,  it  appears  veiy  doubtful  whether  the  refractive  granules 
seen  were  really  microorganisms. 

Fol  (1885)  claims  to  have  demonstrated  the  presence  of  minute  cocci;  0.2  u 
in  diameter,  in  sections  of  spinal  con!  from  rabid  animals,  by  Weigert's 
niethnd  of  staining.  The  cords  were  hardened  in  a  snlution  of  bichromate 
of  tmtash  and  sulphate  of  copi>er,  coloretl  with  a  solution  of  hnematoxylou, 
and  decolorized  iu  a  solution  of  ferrooyauiJe  of  pi>ta-sh  and  l>orax. 

The  writer  (1887)  has  made  similar  preparations,  carefully  following  the 
method  as  described  by  Fol,  but  was  not  able  to  demonstrate  the  presence  of 
microorganisnis  in  the  numerous  sections  made.  Nor  have  the  observations 
of  Fol  been  confirmed  by  the  researches  of  other  bacteriologists  who  hare 
given  their  atJ^jution  to  the  subject  since  the  publication  of  his  jwiper. 

With  rcfereuce  to  the  results  of  Pasteur's  protective  inoculations,  vn 
may  say  that  it  is  now  pi"ett_j'  generally  aduiitted  that  the  publishe<l  statistics 
demonstrate  the  prophylactic  value  of  the  method  as  practised  at  the  Pasteur 
Institute  iu  Paris. 


ICTERUS. 

Karlinsky  (1S90),  in  a  series  of  five  cases  of  "  infectioiis  icterus  "  attended 
with  fever,  found  in  the  blood,  duriug  the  height  of  the  attack,  curved 
bacilli  from  two  li » six  u  long  and  one-third  to  one  ft  broad,  which  were  readily 
stained  by  the  usual  aniline  coloj-s,  but  not  by  Gram's  method.  Tliese  he 
did  not  succeed  in  cultivating  in  any  of  the  culture  media  usually  employed. 

Ducamp  (1890)  has  also  given  an  account  of  a  "  slight  epidemic  of  infec- 
tious icterus,"  which  he  supposes  to  have  been  due  to  microorganisms. 

In  "Weil's  disease,"  which  is  characterized  by  fever  and  icterus,  and  is 
believetl  to  be  au  infectious  malady,  Jaeger  (1892)  has  obtained  a  bacillus 
which  he  considers  the  sijecific  infectious  agents  iu  the  disease — his  Proteus 
fluoresccus. 

Vincent  (1893)  in  a  case  of  icterus  with  fever,  which  ended  fatitllr  in 
forty-eight  hours,  obtained  cultures  of  Bacillus  coli  communis  from  theblooii 
and  various  organs. 
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INFLUENZA. 

Epidemic  influenza  ("la  grippe")  is  due  to  infection  by  the  Bacil- 
lus of  influenza  (No.  52). 

INFLUENZA  OF   HORSES. 

Dieudonn^  (1892),  in  an  epidemic  of  influenza  among  horses,  found  in  the 
nasal  socretions  of  infected  animals  a  micrococcus  resembling  that  of  croup- 
ous pneumonia  in  man.  He  did  not  snccjeetl  in  cultivatinjif  this  micrococcus 
ill  nutrient  gelatin.  Schutz  (1888)  hacl  previously  cultivated  a  streptoctwcus 
from  the  lymphatic  g-landn  of  horscB  suffering  from  epidemic  influenza  (Druse 
dea  Pferaes)  which  he  believes  to  be  the  specific  inteclious  agent  in  this  dis- 
ease (see  Streptococcus  coryzai  conta^osa^  etiuoruui,  No.  33). 

INSECTS,   INFECTIOUS  DISEASES  OP. 

The  infectious  disease  of  bees  known  as  "foul  brood  "  is  due  to  Bacillus 
alvei  (No.  1401.  Pebrine,  an  infectious  disease  of  silkworms,  is  due  to  in- 
fection by  "  Nosema  bombycis"  (No.  25).  Another  infectious  disease  of  silk- 
worms {la  flackerie)  is  believed  In- B^chauip  to  bo  due  to  infection  by  Strepto- 
coccus bombycis  (No.  24).  v.  Tubeuf  (tS92>  has  obtained  from  infected 
caterpillara  of  Liparis  inonacha  a  motile  bacillus — Bacillus  mouachae  (No. 
178).  An  iufectiouH  disease  of  the  "chinch  bug"  (Blissus  leucopterus)  is  be- 
lievetl  to  be  due  to  Micrococcus  insectoruni  (No.  177J. 


KERATITIS. 

Bach  (1895)  as  the  result  of  his  investigations  arrives  at  the  con- 
clusion that  Ulcus  cornse  serpens  is  due  to  invasion  of  the  cornea  by 
micrtKJrganisras,  and  that  such  invasion  is  ahiiost  always  secondary 
to  a  traumatism,  with  loss  of  substance.  The  most  common  infec- 
tious agents  are  the  pyogenic  staphylococci  and  Streptococcus  pyo- 
genes, but  certain  other  bacteria  are  occasionally  concerned  in  the 
localized  infectious  proceas.  The  researches  of  Qaaparriui,  Bassi 
{lSf»3),  Cuenod  (1895),  and  others  indicate  that  the  "diplococcus 
pneumoniae"  is  not  infrequently  concerned  in  tlie  etiology  of  puru- 
lent keratitis,  and  this  is  confirmed  by  the  researches  of  Uhtlioff 
(1895).  The  last-named  author  investigated  50  cases  of  purulent 
keratitis  in  man  with  the  following  result:  35  were  cases  of  typical 
ulciLS  corna^;  'i  of  hypojjyonkoratitis,  not  of  a  serpiginous  character; 
3  of  keratoma  lacia;  and  -t  of  panophthalmia  following  corneal  infec- 
tion. In  '2i  cases  of  typical  ulcus  cornte  serpens  the  diplococcus  of 
pneumonia  was  found  alone,  also  in  3  cases  of  panophthalmia ;  in  7 
cases  the  pneumonia  coccus  was  found  in  association  with  other 
microorganisms — i  of  these  were  cases  of  ulcus  conif©  serpens;  in 
I'i  cases,  4  of  which  Avere  typical  ulcus  cornfE,  the  pneumonia  coccus 
was  not  found,  but  staphylococci  or  other  bacteria  were  present;  in 
3  cases  of  keratoinalacia  streptococci  were  found.     Loeb  (ISUl)  ob- 


tained  from  a  case  of  keratotnalacia  a  capsule  bacillus  resembling 
that  of  Pfeiffier,  which  was  pathogenic  for  mice  and  for  guinea-pigs. 
The  bacillus  of  Friecllander  has  also  been  found  by  Etienne  and  by 
Yerson  and  Gabrielides  (1894)  in  "ulcus  cornse  septicum." 

LEPROSY. 

No  satisfactory  experimental  demonstration  that  the  Bacillus 
leprae  is  the  cause  of  the  disease  with  which  it  is  associated  has  yet 
been  made ;  but  there  is  very  little  doubt  among  bacteriologists  and 
pathologists  that  such  is  the  case.  For  the  facts  relating  to  its  pres- 
ence in  leprous  tissue-s,  its  morpholog}',  etc.,  the  reader  is  referred  to 
the  descriptive  account  of  Bacillus  lepras  (No.  53,  page  '3*Ji). 

LEUCOCYTH.-KMI  A . 

Pawlowsky  (1892)  in  four  cases  of  leucoc'j'tli.Tmia  found  in  the  blood  a 
few  short  bacilli,  wi)h  round  ends,  wliirh  showed  ]Ktliir  staining'  (with 
metliyli'ne  blue  solution).  He  did  not  euccced  in  cultivating  them  in  tba 
usual  media,  but  in  a  mi.xlure  of  btniillon  and  Wood  serum  a  granular  de- 
lK»sit  Wius  seen  at  the  end  of  ftiur  days,  an»l  Irunsplantatiou  from  this  to  g'ly- 
cerin-affur  {plates)  (jave  eolonii'S.  al  ."?7  C,  in  three  or  four  days.  These  were 
(ouall,  round,  and  of  a  grayish -yellow  color.  Inoculations  in  rabbits  gave  & 
negative  result. 

LUTUS. 
Due  to  infection  by  Bacillus  tuterculosis  (No.  63). 

MADURA   FOOT. 

Le  Daiitec  (1894)  arrives  at  the  concJusion  tlial  the  variety  of  madura  foot 
in  which  the  charaoterisUc  ina.s.se.s  are  black  is  )>nil»ab}y  due  to  a  bacdius 
found  by  him  in  these  "grains."  This  bacillus  diltm-s  from  the  strfptothrix 
pi-eviously  described  by  Vincent,  aiid  su])posed  by  liim  to  be  the  cause  of  the 
.  malady.  It  is  ditflcult  of  cultivation,  and  inoculation  experiments  in  rab- 
bits and  guinea-pigs  gave  a  negative  result. 


LYMPHAKGITIS. 

Lymphangitis  of  the  extremittps.  acconling  to  Vemeuil  and  Clado,  is  due 
to  infection  by  Sl.re[>tt>o<)ccn.s  pyfigenes.  Fischer  and  Levj'  (1893)  ns  a  result 
of  their  investigations  arrive  at  a  different  coikIusjoh.  In  R  ca-se.s  they 
found  Staphylococcus  pyogenes  ulbus  in  5,  Stajiliybitiwcus  pyogenes  aureus 
in  1,  Bacilhis  coli  connnuuis  in  1.  Ptapbylococcus  pyogenes  aureu«i  and 
Sta])hyloeoccus  pyogenes  albus  associated  in  1.  lu  absces-ses  following  lym- 
phangitis (8)  Stjiphj'loctKcus  pyogenes  albus  was  found  in  4,  SlreptoccKVUf* 
pyogenes  in  2,  StapTiyloctXH-ns  pvogencs  albus  arul  Staphylococcus  py<vgene8 
aureus  sisatciatcd  in  1 ;  Sta])hylococcus  pyogenes  albus  and  Streptococcus 
pyogenes  in  1. 

MALARIA. 

Klebs  and  Tommasi-Cnideli,  as  a  result  of  researches  made  by  them  in 
the  vicinity  of  Rome  (1879),  announced  the  discovery  of  a  bacillu.s  which 
they  supposed  to  be  the  ctuise  of  malarial  fevers — their  Bacillus  raalarisp. 
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The  writer  repeated  their  experimente  the  following  year  (1880)  in  the  vicin- 
ity of  New  Orleans,  and  reported  as  follows  : 

"Among  the  orj^auLsais  found  ujion  the  surface  of  swamp  mud  near 
New  Orleans,  and  in  the  jjiitters  within  the  city  limits,  are  some  which 
closely  resemble,  and  perhaps  are  identical  with,  the  Bacillus  malaria;  of 
Klebs  and  Toramasi-Crudeli;  but  there  is  no  satisfactory  evidence  that  these 
or  any  of  the  other  biictcrial  orpinisms  found  in  such  situations,  when  in- 
jected beneath  the  sliiu  of  a  rabbit,  g^iva  rise  to  a  malarial  fever  coitc- 
siKindiug  with  the  oitlinarv  paludal  fevers  to  which  man  is  subject. 

"  The  evidence  ujhju  whieli  KK-bs  and  Tonimasi-Crudeli  have  based  their 
claim  of  the  discovery  of  a  Bacillus  nuihtrire  cannot  be  accepted  as  sufficient; 
(a)  because  in  their  experiments  and  in  my  own  the  temperature  curve  in 
the  rabbits  experimented  ui^m  h.-v*  in  no  case  exhibited  a  marked  and  dis- 
tinctive pai'oxysmal  character;  (ftl  because  healthy  rabbits  StHnetimes  exhi- 
bit diurnal  variations  of  tcmjM'ratiire  (resulliujf  RpiKii"eutly  from  changes  in 
the  extonial  temperaturet  a.s  marked  as  those  shown  in  their  charts;  (c)  be- 
cause changes  in  the  spleen  such  as  they  describe  are  not  evidence  of  death 
from  uiuhirial  fe%'er,  iiiosnuich  as  similar  changes  occur  in  tlie  spleens  of 
rabbits  dead  from  septicteniia  pr«luccd  by  the  subcutaneous  injection  of 
human  saliva;  (th  becaviso  the  pi-esence  of  dark -colored  pigment  in  the 
spleen  of  a  i-abbit  cannot  be  taken  us  evidence  of  death  from  malarial  fever, 
inasmuch  as  this  is  frequently  found  in  tlie  spleens  of  septictcmic  rabbits." 

Later  ivsearches  have  also  failed  to  confirm  the  supposed  discovery  of 
Klebs  and  Tommasi-Ccudeli,  and  it  is  now  generally  admitted  that  there  is 
no  satisfactory  evidence  in  favor  of  the  view  that  microorganisms  of  this 
class  are  concerned  in  the  etiology  of  the  malarial  fevei"s.  On  the  other 
hand,  we  have  now  verj- extended  nbservntions  which  indicate  that  the  blood 
parasite  discovered  1>}'  Ij^ivcran  (18H1)  in  the  blotnl  of  patients  suffering  frofu 
various  forms  of  nuilarial  fever  beai-s  an  etiological  relation  to  fevers  of  tliis 
class.  This  luemal^fzoon  belongs  to  quite  a  different  class  of  microorgan- 
isms. It  was  lirst  described  by  Laveran  as  the  Oscillaria  malariiu,  but  is 
more  frequently  spoken  of  at  present  as  the  Plasmodium  malariie. 

MALTA  FEVER, 

In  twelve  out  of  thirteen  cases  of  "Malta  fever"  Bruce  (1892)  found  a 
mici-ococcus  whicli  he  believes  to  be  the  cause  of  this  fever.  See  Micrococ- 
cua  of  Bruce  (No.  179). 

MALIGNANT   ffiDElLA. 

See  Bacillus  oedematis  maligni  (No.  18(>). 

MASTITIS. 

In  ten  cases  of  puerperal  mastitis  Buinm  (188f»)  found  Staphy- 
lococcus pyogenes  aureus  in  seven  and  Streptococcus  pyogenes  in 
three.  In  a  case  reported  by  Sarjiert  (IS'.U)  diplococci  were  found 
corresponding  in  their  morphological  characters  with  the  gonococcus 
— -the  patient  was  suffering  from  gonorrhoea. 

MASTITIS   IN   COWS. 

Bovine  mastitis  is  u.sually  due  to  infection  by  streptococci,  which  are  not 
always  the  same,  although  ixissibly  varielicR  of  tlie  same  siM'cies.  See  St[¥p- 
tococcus  of  Nocaitl  and  Mollereau  (No.  31),  MietTtcoccus  of  Kitt  (No.  21), 
Streptococcus  agalactite  contagios;c  (No.  45).  Streptococcus  mastitis  spor- 
adue  (No.  45).    See  also  Bacilli  of  Guillelreau  (No.  180). 
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Lucet  (1891)  in  twenty-two  oowa  suifering  from  mastitis  obtained  in 
twelve  case's  a  motile  bacillus,  from  1  to  2  /'Tong,  whicli  did  not  liquefv 
golatio  and  caused  a  development  of  gas  in  culture  media  (BaciJIus  coli 
comtnums  ?)•  • 

MASTITIS   IN   SHEEP. 

8ee  Micrococcua  of  gangrenous  mastitis  in  sheep  (No.  80). 

MEASLES. 

The  etiology  of  measles  and  of  tlie  si)eciflc  eruptive  febrile  diseas(«  gener- 
ally still  If  uiuins  un.settled.  TIip  occasional  prest-nce  of  microco<'ci  m  tlie 
blood  of  jKitieiits  with  measles,  which  has  been  noted,  is  without  doubt  due 
to  a  secondary  or  mixed  infection  by  one  of  the  conniion  pyoerenic  micro- 
cocci. In  pneumonia  occurring  during  the  cour«e  of  an  attack  of  measles 
the  Micrococcus  pneumonia;  ci-ouposa;  us  usually  found  in  the  pulmonar}- 
e.xudate. 

No  great  importance  can  be  attached  to  the  ob8er\'atious  made,  with  ref- 
ei*ence  to  the  i>r«.'sent'e  of  miei-oorpanisms  in  this  disease,  prior  to  the  intro- 
duction of  Koch's  plate  method  and  the  use  of  solid  culture  media  for  the 
differentiation  of  bacteria  similar  in  thnir  morphologj'.  In  lSf)2  Canon  and 
Piclicke,  of  Berlin,  announced  the  discovery  or  a  minute  bacillus  in  the  blood 
of  patients  (fourteen)  with  measles,  but  Iheir  discovery,  so  far  as  the  writer 
knows,  has  not  been  conlirmetl  by  more  recent  investigatious.  See  Bacillus 
of  Canon  and  Pielicke  (No.  157). 


MENINGITIS. 


I 


See  Cerebro-Bpinal  Meningitis. 


MICE,    INFECTIOUS    DISEASES   OP. 

See  Bacillus  typhi  murium  {No.  84)  and  Bacillus  of  Laser  (No.  83)  :  also 
Bacillus  erysii>eIatos  suis  (No.  67),  which  apiieai-s  to  lie  identical  with  Koch's 
BacUlus  of  septica-mia  in  mice  ;  also  Bacillus  murisepticus  pleomorphus 
(No.  98). 

NEPHRITIS. 

The  vai'ious  microcir^ni.sms  which  have  occasionally  been  found  in  tlie 
lu-ine  of  cases  of  chronic  nephritis  arc  probably  not  directly  relateil  to  the 
renal  disca.se.  Numerous  observations  aiv  on  recont  which  show  that  patlio- 
genic  mieroorpanisms  present  in  the  blood  or  tissues  may  lind  their  way  into 
tlie  urine  during  the  course  of  the  ai-ute  infectious  diseases.  In  these  cases 
it  is  prt>bablc  tliat  the  passage  of  bai^tcria  into  the  urine  depends  ur>on  struc- 
tural changes  in  the  kidneys,  due  to  the  prtisence  of  pathogenic  bacteria  or 
In  the  acliou  of  their  toxic  products.  Pernice  and  Scagliosi  (1804)  have  stud- 
ied the  development  of  nepltritis  in  guinea-pigs,  dogs,  and  white  mice,  into 
which  thev  injecttnli  bouillon  cultures  of  various  pathogenic  bacteria — An- 
thrax biM-ilhis,  BiU-'illus  jiyocyBueus,  Staphylococcus  pyogenes  aureus.  Ba- 
cillus nnjiligiosus.  Tl ley  al.so  injected  filtered  cultures  of  these  l>acilli.  As 
a  result  of  their  exiHriments  they  conclude  that  the  appearance  of  microor- 
ganisms in  tlie  urine  in  acute  iufei-tious  disetises  depeuas  upon  pathological 
anatomical  changes  in  the  kidneys,  which  may  result  either  from  the  pres 
euce  of  the  bacteria  or  fitun  the  action  of  their  toxic  produc^ts.  PathogeniL' 
bacteria  are  not  infrequcutly  found  in  the  urine  in  the  acute  infectious  dis- 
eases of  man — e.g.,  tji>hoid  fever,  pneumonia,  septioa?uiia ;  and  in  ct-rtaiu 
cases  of  minced  infection  bacteria  may  be  found  in  the  urine  which  hare  uo 
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direct  etioloffical  relation  to  the  specific  infectious  cliseajse  from  which  the  pa- 
tient is  siifferiiijf — e.g.,  staphylococci  in  cJtses  of  measles,  or  streptococci  in 
casf^  of  diphtheria. 

Ascenoing  nephritis  is  an  iufcctioxis  process,  usually  due  to  BeicilluB  coli 
eotnnuinis  (See  pyelonephritis). 

Letjierich  (18.S7)  hna  (lesrril>e<l  a  form  of  nephritis  whicii  he  ascribes  to  a 
bacillus  found  by  liim  in  tlii!  urim?  and  in  sections  of  tlie  kidneys  of  rabbits 
inoeulatetl  with  a  culture  u{  this  bacillus. 

Lustg^aHen  and  Manneberg  (IHSD  in  three  cases  of  acute  Brig-lit's  disease 
found  streptococci  in  the  urine,  whifli  they  sup{X>se  to  have  ha<l  an  etiolog;i- 
cal  relatimi  t*)  the  renal  disea.se.  Tim  following^  year  Manneberg'  reported 
eleven  attditloual  case.s,  in  eij^ht  of  wliich  he  found  tlie  same  sLreptococcus, 
whifli  he  believes  to  be  different  from  Strej>toccjccuH  pyog;eties,  but  this  can- 
not be  considei*ed  as  established.  Nor  has  he  shown  that  the  streplocoocus 
obtained  by  him  from  the  urine  was  present  in  the  kidneys  of  his  patients, 
or  that  pure  cuUut'es  of  this  streptococcus  produce  acutu  nephritis  when  in- 
oculated into  lower  animals. 


OPHTHALMIA. 

Although  various  pathogenic  bacteria  are  frequently  found  in 
health}'  eyes,  there  can  be  uo  doubt  that  acute  and  chronic  inflamma- 
tions here,  as  elsewhere,  are  commonly  due  to  the  presence  of  micro- 
organisms. In  gonorrhoeal  ophthalmia  the  "  gonococcus  "  of  Neisser 
is  the  infectious  agent.  According  to  Fuchs  {1894)  a  considerable 
proportion  of  the  cases  of  so-called  Egyptian  ophthalmia  are  due  to 
infection  by  the  gonococcu.s,  while  in  another  group  of  cases  the  in- 
fectious agent  is  the  bacillus  of  Koch  and  Kartulis  (No.  i;js).  Cer- 
tain cases  are  also  due  to  a  mixed  infection  resulting  from  the  pres- 
ence of  both  of  these  pathogenic  microorganisms,  Demetriadea  {IS'M) 
Bays  that  the  gonococcus  found  in  cases  of  Egyptian  ophtlialmia  is 
much  smaller  than  that  encountered  in  cases  of  gonorrhoea;  but  that 
it  is  the  same  was  demonstrated  by  Kartulis,  who  introduced  pus 
from  the  eye  of  a  patient,  containing  this  coccus,  into  the  lu-othra  of 
a  native,  who  developed  a  typical  gonorrhoea  at  the  end  of  twenty- 
four  hours  as  a  restdt  of  the  inoculation. 

Perles  {18;i.5)  has  made  numerous  inoculation  experiments  in  the 
eyes  of  rabbits  and  reports  the  following  results:  Pure  cultures  of 
Bacillus  subtilis,  of  the  ciiolera  spirillum,  and  of  various  non-patho- 
genic saprophytes,  introduced  into  the  anterior  chamber  or  the  vit- 
reous, caused  no  perceptible  changes.  Typhoid  bHcilli  introduced 
into  the  anterior  chamber  caused  hypopyon  and  in  the  vitreous  an 
abscess.  Streptococci  gave  rise  to  an  exudate  in  the  anterior  cham- 
ber and  to  pus  formation  in  the  vitreous,  Diphtheria  bacilli  caused 
a  purulent  exudate  in  the  anterior  chmnber  with  a  moderate  kerato- 
iritis,  and  abscess  formation  when  introduced  into  the  vitreous. 
Friedlander's  bacillus,  iu  the  viti-eous,  caused  a  severe  panophthal- 
mitis, which  led  to  rupture  of  the  eyeball  at  the  end  of  sixteen  hours; 
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in  the  anterior  chamber  the  result  was  similar,  but  not  so  rapidly 
induced.  No  infection  occnirs  through  the  uuiujured  conjunctiva. 
When  the  pneumonia  coccua  was  introduced  into  the  eye  of  a  ralbit 
general  infection  and  death  from  septicaemia  quicklj'  followed.  Ac- 
cording to  Gasfjarrini  the  micrococcus  of  pneumonia  is  found  in  tlw 
conjunctival  sac  in  a  large  proportion  of  healthj'  eyes — in  8  out  of  10 
of  the  100  students  examined  by  him.  When  injected  into  the  vit- 
reous or  anterior  chamber,  in  rabbits,  fresh  cultures  gave  rise  to  ai 
panophthalmia,  and  cultures  four  or  five  days  old  to  a  plastic  iritisj 
or  to  atrophy  of  the  eye  from  a  chronic  infectious  process.  In  cases] 
of  kerato-hypopyon  in  man  ("^l)  and  of  panophthalmia  (4)  this  mi- 
crococcus was  foimd,  and  in  six  of  the  tirst-meutioned  cases  it  was  so 
virulent  that  it  killed  rabbits,  wheu  injected  subcutaneously,  in  from 
twenty-two  to  thirty -six  hours.  In  seven  other  cjisesit  was  found  in 
pure  culture,  but  proved  not  to  bo  virulent — i.e.,  did  not  kill  rabbits. 
In  eight  cases  it  was  associated  with  staphylococci.  Sattler,  in  a  case 
of  panophthalmia  resulting  from  injury  by  a  splinter  of  wood,  ob- 
tained cultures  of  Bacillus  pyocyaneus;  Randolph  reports  a  case 
caused  by  Bacillus  coli  communis;  Wageumann  states  that  inmost, 
cases  in  which  purulent  intiltration  of  the  vitreous  follows  a  perfora- 
ting wound  of  the  eye  the  ordinary  pus  cocci  are  found.  In  the  me- 
tastatic eye  affections  occurring  in  the  course  of  puerperal  septi- 
cjemia,  Herrnheisor  (ISftiJ)  obtained  in  two  cases  (of  retinitis  iseptica) 
very  virulent  cultures  of  Streptococcus  pyogenes  and  in  one  a  culture 
of  Staphlj'ococcus  pyogenes  aureus.  In  a  case  of  metastatic  {lan- 
ophthalmia,  occurring  in  a  man  aged  sixty-seven,  after  an  attack 
of  jmeumonia,  the  micrococcus  of  pneumonia  was  found.  Aoconl- 
ing  to  Axenfeld  (I8'.>4)  the  last-monti<jned  microorganiaiu  is  a  fre* 
quent  cause  of  purulent  metastatic  ophthalmia. 


OSTEOMYELITIS  AND   PERIOSTITIS. 

The  evidence  with  reference  to  the  presence  of  Staphylococcus 
pyogenes  aureus  in  acute  osteomyelitis  and  its  probable  etiological 
relation  to  the  cases  in  which  it  is  found,  is  given  in  the  article  de-, 
scriptive  of  this  microorganism;  but  the  resetirches  of  Kraske  (ISSi!)' 
and  of  Lannelongue  and  Acbard  (1890)  show  that  the  "golden  8t«- 
phylococcus  "  is  not  always  found  in  osteomyelitis.     The  last-named 
investigators,  in  a  series  of  thirteen  cases,  found  Staphylococcus  pyi> 
genes  aureus  in  four  only,  and  in  one  of  these  Staphylococcus  pyo-i 
genes  albus  was  also  present;  in  three  cases  Staphylococcus  pyogenei  ■ 
albus  was  obtained  in  pure  cultures;  in  two  cases  it  was  associated 
with  Streptococcus  pyogenes;  and  in  two  cases  a  strept-ococcus  wa•^ 
found  which  resembled  Streptococcus  pyogenes  and  yet  differed  froBi  ^ 
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it  in  some  particulars.  The  same  bacteriologists  found  the  pneu- 
monia coccus  in  two  cases  in  children.  Fisher  and  Levy  (1893)  also 
report  two  cases,  in  children,  in  which  this  micrococcus  was  found 
— one  a  fatal  case  of  meningitis.  In  two  other  cases  streptococcus 
pyogenes  was  obtained  in  pure  cultures.  The  typhoid  Imcillus  has 
also  been  found  by  several  investigators — Ebermayer,  Orloff,  Colzi, 
Ullmann.  It  is  therefore  evident  that  osteomyelitis  cannot  be  con- 
sidered a  specific  afifection;  on  the  other  hand,  as  in  abscesses  de- 
veloped in  the  cellular  tissue,  in  glands,  or  in  the  various  organs,  it 
is  to  be  regarded  as  a  localized  infectious  process  which  may  be 
induced  by  various  pathogenic  microorganisms  which  through  soma 
channel  have  effected  a  lodgment  in  the  blood  or  tissues  of  the  body. 
The  exciting  cause  of  a  peri^Witeal  inflammation  is,  no  doubt,  not  in- 
frequently an  injury  of  some  kind.  Chronic  periostitis  and  osteo- 
myelitis are  developed  in  a  similar  way  as  a  result  of  a  localized 
tubercular  infection, 

OTITIS  MEDIA. 

In  otitis  media  various  microorganisms  have  been  found  in  pus 
obtaineil  by  paracentesis  of  the  tympanum,  as  well  as  in  the  chronic 
discharge  after  perforation ;  and  there  can  be  but  little  doiibt  that 
these  microorganisms  are  resjjonsible,  (lirectl}'  or  indirectly,  for  the 
inflammatory  pnwess  and  pus  formation.  The  following  species  are 
most  frequently  found  in  the  purulent  discharge  in  recent  cases  of 
otitis  me<iia:  Micrococcus  pneumoni;e  crouposie  {"  Diplococcus  pneu- 
monite "),  Streptococcus  pyogenes,  Staphylococcus  pyogenes  albus. 
Staphylococcus  pyogenes  aureus,  Friedlander's  bacillus.  The  fol- 
lowing have  also  been  found  occa.sionally ;  Staphylococcus  tenuis, 
Bacillus  tenuis,  Micrococcus  tetragenus,  Bacillus  pyocyaneus. 

According  to  Zaufal,  MicrococruR  pneumoniae  crouposje  is  most 
frequently  found  in  cases  which  re.sult  from  ex]xj.sure  to  cold,  while 
the  onlinar>'  pus  cocci  are  more  frequently  found  in  otitis  which  is 
secondary  to  specific  febrile  disea.ses. 

Martha  (IBOtJ)  reports  two  cases  in  which  Bacillus  pyocyaneus 
was  present  in  pure  culture — in  fifty-one  other  cases  e.vamined  this 
bacillus  was  not  found.  This  bacillus  has  also  l>eeu  found  occasion- 
ally by  other  investigators — Pes  and  Qradenigo  (1894),  Hartmann 
(is;)4),  Kossel  (18W). 

Scheibe  (IKfti)  in  sixteen  cases  of  ma.stoid  ab-scess  following  mid- 
dle-ear disease  found  the  micrococcus  of  pneumonia  in  six.  Strepto- 
coccus pyogenes  in  five,  Staph3-lococci  in  one,  and  an  undetermined 
microctjccus  in  one. 

Stem  (iKd.'i)  in  thirty  cases  of  chronic  purulent  otitis  meilia  made 
bacteriological  exumiuations  with  the  following  result :  Staphylococ- 
42 
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CU8  pyogenes  albus  was  found  in  six,  Staphylococcus  pyogenes  aureus 
in  two,  Streptococcus  pyogenes  in  three,  Bacillus  coli  communis  in 
one,  and  various  bacilli,  vibrios,  and  cocci  in  the  remaining  cases; 
some  of  these  were  fluorescent,  some  produced  a  foetid  odor,  etc. 


OZ^ENA. 

The  researches  of  Thost,  Khimann,  Hajek,  and  others  §how  that 
Friedlander's  bacillus  is  present  in  the  nasal  secretions  in  a  consider- 
able proportion  of  the  cases  of  ozjena,  but  its  etiological  relation  to 
the  morbid  condition  which  gives  rise  to  the  offensive  discharge  has 
not  been  established. 

Thost  found  this  bacillus  in  twelve  out  of  seventeen  cases  studied 
by  him,  and  frequently  almost  in  a  pure  culture;  but  he  also  found 
it  in  rhinitis  from  syphilitic  ulceration,  from  polypus,  and  in  simple 
corj'za. 

Hajek  found  Friedlander's  bacillus  in  seven  out  of  ten  cases  stud- 
ied by  him,  but  it  was  associated  with  various  other  species  of  bac- 
teria, and  especially  with  the  pyogenic  micrococci  and  with  Bacillus 
fluorescens  liquefaciens.  He  also  obtained  almost  constantly  his 
Bacillus  foetidus  ozieuw  (No.  Ill),  which  appears  to  have  been  the 
cause  of  the  foetid  odor  of  the  nasal  discharge. 

Marsano  (1890)  in  t«n  cases  of  ozsena  found  a  caj^wule  bacillus  in 
the  nasal  secretions  which  closely  resembles  Friedlander's  bacillus, 
but  which  he  believes  not  to  be  identical  with  it. 

Abel  (1S;*3)  in  sixteen  cases  of  "  ozasna  simplex  "  found  a  similar 
capsule  bacillus,  but  be  arrives  at  the  conclusion  that  it  is  not  iden- 
tical with  Friedlander's  bacillus,  and  believes  it  to  be  the  sperific 
cause  of  rhinitis  atrophicans  fa?tida.  According  to  Abel  his  bacillus 
resembles  Pfeiffer's  capsule  bacillus  (No.  80)  more  closely  than  it 
does  that  of  Fried  lander,  and  it  is  almost  identical  with  the  capsule 
bacillus  of  Fascliing  (No.  ISO).  This  bacillus  is  described  by  Abel 
under  the  name  of  Bacillus  uiucosus  OzaMUB.  It  is  said  to  he  differ- 
entiated from  the  bacillus  of  rhinoscloroma  and  Bacillus  sputigenus 
crassus  of  Kreibohm,  by  the  fact  that  it  does  not  stain  by  Gram's 
method. 

Strazza  (189:3)  in  twenty -five  cases  examined  foimd  a  capsule 
bacillus  constantly  associated  with  streptococci  and  staphylococci. 
This  bacillus  was  nut  found  in  eases  of  rhinitis  chronica  simplex  or 
of  rhinitis  syphilitica.  According  to  Strazza,  also,  this  bacillus  is 
differentiated  from  the  bacillus  of  rhinoHcleroma  by  the  fact  that  it 
does  not  stain  by  Gram's  method;  it  is  said  to  resemble  Pfeiffer's 
bacillus  in  cultures,  but  to  be  somewhat  smaller. 

Loewenberg  (18U4)  has  called  attention  to  the  fact  that  be  re- 
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ptirted  in  1881  that  he  had  always  found  in  ozjena  a  microbe  sur- 
rounded by  a  capsule  and  not  etainiiig  by  Gram's  method.  He  now 
says  that  this  microbe  corresponds  with  Friedlander's  bacillus  in 
form  and  staining  reactions,  but  differs  from  it  in  other  particulars 
as  follows :  It  shows  a  very  scanty  development  in  milk  and  causes 
no  perceptible  change  in  this  medium.  Friedlander's  bacillus,  on  the 
other  hand,  coagulates  milk  and  its  growth  is  often  attended  with  an. 
evolution  of  gas.  The  two  bacilli  also  give  rise  to  different  odors. 
The  bacillus  of  Friedliiuder  gives  off  from  gelatin  and  bouillon  cul- 
tures an  odor  of  triniethylamiue  and  old  gelatin  plates  give  off  the 
odor  of  old  cheese.  Cultures  of  the  bacillus  of  oziena,  on  the  con- 
trary, give  off  an  agreeable  odor.  The  offensive  odor  characterietio 
of  ozeeua  is  never  given  off  from  cultures  of  this  bacillus.  Loewen- 
berg  concludes  from  his  investigations  that  the  microbe  of  ozfena  is 
specifically  distinct  from  the  bacillus  of  Friendliinder  and  that  it 
bears  an  etiological  relation  to  this  disease. 


I 
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PANABITIUM. 

According  to  Saint-S^vriu  (1894)  piiiiaritiuin  {Panaris  ile.s  nechtnira)  is 
very  coiiimnn  among  the  fisherman  of  the  island  of  Newfountlliind  nnd  of 
the  North  Rea.  His  reseaarhe-s  lead  him  to  conclude  that  it  is  due  to  infection 
by  a  microcix'cus  Avhich  pfodnces  a  red  pigment  (miicrobe  rouge  de  hi  sardine) 
in  a-ssociatinn  with  an  anaerobic  biK'iilus.  The  coccus  is  from  0.5  to  0.6  ft  in 
diameter  and  is  usually  seen  iu  pairs ;  it  liqueties  gelatin  and  produces  a 
carmine-r<>d  pigment. 

It  is  ])irohaliIe  that  the  common  pus  cocci  are  usually  concerned  in  the 
etiology  ijf  "  felouH.  '  In  a  case  reported  by  Huber  Staphyloeoocus  pyogenes 
albus  was  obtained  in  pure  culture  from  the  pus  of  a  panaritium  antl  also  in 
bidod  obtaint'd  from  a  Hnger  of  the  opposite  hand.  Bemheim  obtained  the 
colon  l>acillus  from  the  pus  of  a  panaiitium  developed  in  the  coui-se  of  an 
attack  of  typhoid  fever. 

PAROTITIS. 

No  demon.stration  of  a  specific  microorganism  in  mumps  has  been  made, 
but  in  nnn-si)ecifli',  suppurative  parotitis  one  or  other  of  the  pvogeuie  micro- 
cocci appenrti  to  be  the  cause  of  the  inflammation  and  pus  lortnatioii.  In 
parotitis  ocenniug  as  a  complication  of  pneumonia  Micrococcus  pneumonia} 
croiijH>sie  has  been  found  as  the  only  mtcitx'irgajiisrri  ui  pus  from  tlie  iutlamed 
^land  (Testi,  Duplay).  Lel^erich  in  18i(5  made  a  preliminary  communication 
in    which  he  claimed  to  have  discovered  uiicniorgani.sms  in  the  blood  of 

C'lenb*  with   mumps.    These  he  describes  as  "large,  round  s]>ores;"  no 
dli  were  found. 

In  a  fatal  case  of  tj^jhoid  fever  in  which  a  sujjpurative  inflammation  of 
the  jMirotid  gland  was  found,  .Tanowski  i  IHO."})  obtained  a  pure  culture  of  Ba- 
cillus typhi  abdominalis  from  the  pu.s  of  the  parotid  abscess. 

PEMPHIGUS. 

Demmo  (1886)  has  cultivated  a  diplococcus  from  a  ca-se  of  acute  {lemphi- 
gVS  which  possibly  \s  related  to  this  di.sease  (see  Micrococcus  i.>f  Demnie,  No. 
27,  pag^  331),    Tlie  same  coccus  waa  found  by  Dahnhardt  in  a  similar  case. 
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Strelitz  (1892)  obtaiued  tn  cultures  from  peinpliigus  vesicles  a  microcoocug 
which  corresponded  in  every  respect  with  Staphylococcus  pyogenes  aureus. 
Inoculation  of  this  mioi-ococcus  in  his  own  arm  caused  the  development  of 
tyi>ical  pemphigus  bullie. 

PERICARDITIS. 

Pericarditis  is  a  localized  infectious  process  due  to  various  patho- 
genic microorganisms.  In  two  caaea  reported  by  Barbacci  (1893)  tbe 
micrococcus  of  pneumonia  was  found  to  be  the  infectious  agent 
Paviot  (ISLI'4)  reports  a  fatal  case  of  jjurulent  pericarditis  in  which  a 
diplococcus  was  found  resembling  Friedlander's  bacillus.  Ernsft 
(lS'.):i)  obtained  from  tbe  pericardial  sac,  in  a  case  in  whicb  the  tu- 
bercle bacillus  was  also  present,  a  variety  of  Bacillus  pyocyaneus. 

In  "uremic  pericarditis"  Banti  failed,  in  four  cases,  to  find  any 
microiirganiam  in  fluid  obtainetl  from  tbe  pericardial  sac. 

In  pericarditis  occurring  in  general  aepticeemic  infection  tbe 
microorganism  to  which  tbe  general  infection  is  due  will  probably 
be  found  in  the  pericardial  sac,  and  when  it  occurs  as  a  complication 
of  one  of  the  specific  infectious  diseases  in  whicb  bacteria  are  usually 
not  found  in  the  blood — eruptive  fevers — it  is  probably  due  to  a  mixed 
infection  with  one  of  the  common  pus  cocci.  In  chronic  tubercular 
pericarditis  tbe  tubercle  bacillus  is  the  infectious  agent. 


PERITONITIS. 

That  peritonitis  usually  results  from  the  presence  of  niicroorgan*^ 
isms  in  the  cavity  of  tbe  abdomen  seems  to  be  well  established  by  ex- 
perimental evidence  and  bj'  bacteriological  researches  in  cases  of  thiij 
disease.     Mechanical  irritants,  like  finely  powdered  glass  (writeru 
experiments),  introduced  into  the  cavity  of  the  abdomen  of  rabbity 
do  not  cause  j-ierituuitis  unless  microorganisms  are  introduced  at  thai 
same  time;  the  minute  fragments  of  glass  become  encysted  and  tiw| 
animal  remains  in  good  health.     But  Pemice  has  shown  that  peri* 
tonitis  may  be  induced  in  rabbits  and  iu  guinea-pigs  by  injecting^ 
into  the  cavity  of  the  abdomen  various  chemical  substances,  such  as 
concentrated  mineral  acids,  acetic  acid,  phenol,  nitrate  of  silver, 
It  is  alsu  demonstrated  by  numerous  experimenits  that  pure  cult 
of  various  bacteria  injected  into  tbe  cavity  of  the  abdomen  of  tbe 
animals  mentioned  may  produce  a  fibrinous  or  a  j)urulent  peritonitis. 
Among  the-so   is   the   Bacillus  coli  communis,  which  is  constantly 
present  in  tbe  intestine  of  healthy  persons;  and  in  j'teritonilis  follow- 
ing perforation  of  the  bowels  this  bacillus  is  responsible,  in  jiart  at 
least,  for  the  intense  peritoneal  inflammation  which  so  quickly  occurs. 
In  puerperal  peritonitis  the  pus  cocci,  and  especially  Streptoooocua , 
pyogenes,  apjwar  to  Ije  the  usual  cause  of  the  inflammatory'  process. 
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"Weichselbamn  has  observed  two  cases  uf  primary  peritonitis  and 
pleuritia  ai>pareully  induced  by  Micrococcus  pueuiuoniaj  croujKHsae, 
as  this  microorgauism  was  found  in  the  exudate  into  the  peritoneal 
cavity.  The  same  author,  in  a  case  of  peritonitis  resulting  from 
rupture  of  the  spleen  in  the  course  of  typhoid  fever,  obtained  a  pure 
culture  of  the  typhoid  bacillus  from  t!ie  i>eritoneal  cavitj".  The  re- 
sults of  A.  Friinkel's  researches  (!S(ll)  are  as  follows :  In  thirty -one 
cases  examined  pure  cultures  were  obtained  in  twenty,  viz. :  Bacil- 
lus coli  communis,  nine  times;  streptococci,  seven  times;  Bacillus 
lactis  aerogenes,  twice;  Micrococcus  pneumoni^B  crouposa;,  once; 
Staphylococcus  pyogenes  aureus,  once.  In  three  cases  Bacillus  coli 
communis  was  present  in  association  with  other  bacilli,  and  in  four 
cases  the  bacteriological  examination  gave  a  negative  result. 

Frankel  has  also  shown  that  pure  cultures  of  Bacillus  coli  com- 
munis injected  into  tho  cavity  of  the  abdomen  of  rabbits  cause  a 
typical  i>eritouitis.  The  present  writer  has  frequently  obtained  the 
same  result  in  exjicriments  made  with  this  bacillus.  It  would  ap- 
pear, therefore,  that  tlie  peritonitis  which  so  constantly  results  from 
wounds  of  the  intestine  is  probably  due,  to  a  considerable  extent,  to 
the  introduction  of  this  microorganism  from  the  lumen  of  the  intes- 
tine, where  it  is  constantly  found,  into  tho  peritoneal  ca\"ity,  where 
the  conditions  are  favorable  for  its  rapid  development. 

Malvoz  in  1H9U  found  Bacillus  coli  communis,  for  the  m<38t  part 
in  pure  cultures,  in  five  out  of  seven  cases  examined  by  him  ;  in  the 
other  two  cases  ho  found  Streptococcus  pyogenes  in  one  and  a  bacil- 
lus which  appeared  to  be  identical  with  Bacillus  typhi  abdomiualis 
in  one.  Barbacei  (1892)  in  two  cases  in  which  meningitis  was  also 
present  (in  one  endocarditis  also)  found  tho  micrococcus  of  pneu- 
monia in  pure  cultin^s.  Le  Gendre  (IS*u"i)  has  reix>rtetl  a  case  in 
which  the  same  microorganism  was  alone  present,  and  states  that 
in  a  search  of  the  literature  be  finds  eleven  recorded  cases  due  to  this 
micrococcus;  of  these  eiglit  terminated  fatalh',  Tavel  and  Lanz 
(181»3)  in  a  series  of  seventy-two  cases  examined  found  bacteria  re- 
sembling the  colon  bacillus  in  thirty-one.  Flexuer  (1893)  reports  a 
case  of  peritonitis  caused  bj-  Proteus  vulgaris.  Tubercular  peri- 
tonitis is,  of  course,  due  to  infection  by  the  tubercle  bacillus. 

PLANTS,    INFECTIOUS   DISEASES   OF. 

Tlie  infectious  clisea.ses  of  plaats  ore,  for  the  most  part,  duo  to  imrasitio 
fuDji-i.  hut  several  infectious  pfaiit  diseases  have  been  sliowii  to  depend  upon 
the  preseiu'e  of  barberia  ia  the  dLsejised  tissues,  and  in  others  this  has  been 
claiined  by  iuvestij^ators  ii()on  more  or  less  satisfactory  evidence.  The  lim- 
its of  the  present  volume  only  tulniit  of  ati  enumeration  of  the  most  impor- 
taiil  of  the.se  bacteria : 

Mici-ococcus  aniylovorus  (Burrill)  is  believed  to  be  the  caufie  of  "pear 
blight;"  Bacillus  soi*ghi  (Kellennan  and  Swing'le)  of  "Borghum  blight;" 
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Bacillus  hyacinth! septicus  (Hetnz)  of  an  infectious  disease  of  hyacinths ;  Ba- 
cillus ainylobacter  of  ix)tato  rot  (Niissfiiult')' ;  Bacillus  tracheiphilus  (E.  F. 
Smith)  of  blight  in  moions  and  uther  cucurbitaceic. 


PLKURITI8. 

The  usual  infectious  agent  in  acute  fibrinous  pleurisy  accompany- 
ing pneumonia  is  Micrococcus  pneumonije  crouposa?  (No.  8).  bet- 
ter (18tyj)  reports  that  in  Gf>  crises  of  genuine  fibrinous  pleurisy  in 
which  he  has  made  bacteriological  researches  since  188(),  he  ha8 
always  found  this  micrococcus.  In  cases  in  which  culture  experi- 
ments give  a  negative  result,  this  is,  according  to  Netter,  due  to  the 
fact  that  the  micrococci  are  apt  to  perish  at  the  crisis  of  the  diaeaae. 
These  cases  do  not  usually  result  in  empyema  and  run  a  more  favor- 
able course  than  those  in  which  the  pus  cocci  are  present.  Prudden 
(189:3)  in  21  cases  of  sero-fibrinous  pleurisy  failed  to  find  aoy  bac- 
teria in  the  exudate  in  12,  and  found  the  micrococcus  of  pneumonia 
in  2  only.  Lemoine  (181(5)  also  reports  that  in  28  cases,  out  of  33 
examined  by  him,  the  exudate  was  entirely  sterile;  in  4  cases  be 
found  Staphylococcus  pj'ogenes  albus.  The  remaining  cases  were  of 
tubercular  origin. 

Levy  (1895),  in  reviewing  the  literature  of  the  subject,  arrivea  at 
the  conclusion  that  the  niicrcx.*occus  of  pneumonia  is  the  usual  cause 
of  pleurisy  in  children  and  of  nietHpneunionic  pleurisy,  but  that  in 
metastatic,  pya?niic,  pleuritic  inflammation  streptococci  or  staphylo- 
cocci are  the  usual  infectious  agents.  Pleurisy  due  to  streptococcus 
or  st^phlyococcus  infection  is  not  in  all  cases  attended  with  pus  for- 
mation; the  exudate,  in  a  certain  proportion  of  the  cases,  may  remain 
serous  (Levy,  Ludwig,  Goldr'chnoider). 

The  micrococcus  of  pnevununia  was  found  by  Jakowski  (189?)  in 
21  out  of  34  cases  in  which  pure  cultures  were  obtained;  of  the  r»-i 
maiuing  cases  streptococci  were  fonnd  in  10,  Staphylococcus  pyogenes 
aureus  in  1^  and  the  tubercle  bacillus  in  2.  In  14  cases  of  mixed 
infection  Stapliylococcus  pyogenes  aureus  and  albus  were  found  in 
6,  Frit'dliinder's  bacillus  and  streptococci  in  1 ;  the  micrococcus  of 
pneiuTionia  with  streptococci  in  1,  with  Staphylococcus  pyogenes 
albus  in  2,  and  with  Stai»hylococcu8  pyogenes  aureus  in  1.  In  7 
cases  no  Imoteria  were  found.  According  to  Jakowski  those  caaes. 
in  which  bo  bacteria  are  olitained  in  cultures  are  usuall.v  due  to, 
tubercular  infection.  Gotdschneidcr  (185)2)  reports  4  cases  of  seroos 
pleurisy,  in  3  of  which  he  found  Streptococcus  pyogenes  and  in  I 
Staphylococcus  pyogenes  aureus.  Bordoni-Uffreduzzi  (189S)  has  re- 
ported a  case  of  double  pleurisy  in  a  girl,  aged  twelve,  who  was 
assaulted  by  an  individual  with  gonorrhoea,  in  which  the  gonoooo* 
cus  was  the  only  microorganism  present  in  the  pleural  exudate. 
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In  pleurisy  occurring  as  a  complication  of  typhoid  fever  the  ty- 
phoid bacillus  has  been  found  in  the  exudate  (sometimes  serous  and 
sometimes  purulent)  by  several  bacteriologists.  Bacillus  coli  com- 
mxinis  has  also  been  found  (Albarran  and  Halle).  According  to  the 
statistics  of  Blemming  about  41  percent  of  the  fatal  cases  of  pleurisy 
(424  cases  examined)  are  due  to  tubercular  infection. 


PLEURO-PNEUMOXIA   OF  CATTLE. 


■  The  evidence  appears  to  be  satisfactory  that  this  infectious  disease 

■  is  due  to  the  Pneumobacillus  iiquefaciens  bovis  of  Arloing  (No.  1^0). 

I     pm 


PLEURO-PNEUMOJriA    (SEPTIc)   OF   CALVES. 

An  infectious  disease  of  cah'fs,  described  by  Galtier  as  a  septic  ]}leuro- 
pneumonia,  or  piieuino-enteritis,  is  apparently  due  to  the  Pneumobacillus 
septicus  (No.  182)  of  the  author  named. 


PNEtTMOJOA. 


The  usual  infectious  agent  in  croupous  pneumonia  is  Micrococcus 
pneumoniae  crouposie  (No.  8).  Friedliinder's  bacillus  and  other  mi- 
croorganisms have  been  found  in  a  comparatively  small  proportion 
of  the  cases;  but  it  is  probable  that  some  of  these  at  least  were  due 
to  a  mixed  infection  and  that  the  specific  infectious  agent  was  over- 
looked.    (See  also  Broncho-pneumonia.) 

PNEUMONIA  IN    HORSES, 
See  Diplococcus  of  pueumouia  in  horses,  of  Schutz,  No.  38. 

PNEUMO-BNTEB1TI8   OF  SWINE. 

See  Swm«  plague. 

PSECDO-LKUK.EMIA. 

Vurious  microorganisms  huve  been  found  in  connection  vnth  jweudo-leu- 
kEcmia,  but  no  one  of  these  has  breen  shown  to  bear  a  specific  etiological  re- 
lation to  the  disH'ase.  In  certain  cases  diagnosed  a-s  pseudo-leukai'niia  tuber- 
cular infection  of  the  lympliatic  g'lands  and  spleen  has  been  found  at  the 
autopsy  (Weishauptj.  In  a  case  repoi-ted  by  Veitieili  (1801)  the  ordinary 
pyogenic  micrcK-occi  weiv  obtained  fnnn  the  blood  and  lymphatic  glands. 
Gabbi  and  Barbacci  (1892)  reirort  a  case  in  wliich  a  virulent  variety  of  the 
colon  bacillus  was  obtained  from  bhxxl  drawn  from  a  linger,  and  from  the 
spleen  and  lymphatic  glands  after  death.  In  another  case  no  niicrotirgan- 
isnifi  could  be  found.  Traversia  flSii;!)  obtained  a  streptococcus  (probably 
Streptococcus  pyogenes)  in  pure  cultures  from  the  blood,  in  a  case  wbich 
came  under  hi;*  oiKervatinn.  Grossi  1189.'^),  in  a  case  in  which  he  had  an 
opjKjrtunity  to  inak*-  a  [jost-mortem  examination,  failed  lo  find  any  mici'oi'Jr- 
ganisms  in  the  bluod,  the  lytnjihatic  glands,  or  in  serum  from  the  ajdematous 
tissues. 
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PSEUDO-TUBERCULOSIS. 

PreiBz  (189-1)  has  compared  the  bacillus  of  pseudotuberculosis  deecril)ed 
by  Nocani  with  that  of  Pfeitf'er,  of  Parietti,  and  of  Zagari,  and  Hnds  them 
identical  (see  Barillus  pseudo-tuberculosis.  No.  121).  A  different  baoillusof 
pseudo-tuberculosis  was  obtained  by  Preisz  froin  tin  infected  sheep  (No.  183). 
Kut.scher  (18i)4)  lias  described  a  bacillus  which  produces  a  pseudo-tubercu- 
losis in  mice,  under  the  name  Bacillus  pseudo  tulxrcularis  murium  rNo.  184). 
Eberth  (ISBG)  has  descrilH'd  a  baciUu.s  of  pseudo-tuberculosis  in  rabbits  which 
aupears  to  be  identical  with  the  microorganism  of  "  zoogltea-tuberculosis  "  of 
Malasses,  Vignal,  and  Chanleiuesse. 

PUERPERAL   FEVER. 

Puerperal  fever  is  usxiallj''  due  to  infection  by  Streptococcus  pyo- 
genes (No.  5),  and  in  fatal  cases  this  microorganism  is  almost  always 
found.  In  a  few  fatal  cases  Staphylococcus  aureus  has  been  found 
in  pure  cultures  (Brieger,  Fehliiig,  Doderlein,  and  others),  and  in 
non-fatal  castes  of  a  comparatively  mild  character  staphylococci  are 
not  infrecjueiitly  the  cause  of  the  infection  and  accompanying  fever. 
Doderlein  has  reported  an  epidemic,  of  limited  extent,  in  which  there 
was  a  mixed  infection  by  streptococci  and  staphylococci.  SangiT, 
Kriinig  (ISU.'i),  and  others  have  reporteti  cases  in  which  fever,  devel- 
oped during  the  puerperium,  was  apj^rently  due  to  the  preeence  of 
gODOcocci  in  the  uterus. 

Von  Frangue  (1893)  and  Eiaenhart  (1884)  have  reported  cases  iu 
which  Bacillus  coli  communis  was  the  infectious  agent. 

PURPURA    HEMORRHAGICA. 

See  account  of  bacilli  found  in  purpura  hsemorrhagica  by  Babes 
(No.  14G),  Kolb  (No.  147),  and  Tizzoni  and  Qiovannini  (No.  145). 

PT.HMIA, 

PatholojnRti  at  the  present  day  include  all  cases  of  general  bUxxl  infectaoa 
under  the  name  septiva'mia,  and  localised  infections  have  special  naine»^ 
e.g.,  mastitis,  pleuritis,  ^K-nlonitis,  metastatic  abscess,  etc.  When  Hie  toxic 
products  of  patliogenic  bacteria  are  absorbed  from  the  surface  of  a  suppurat- 
ing wound,  from  an  abscess  cavity,  or  from  any  localized  focus  of  iufectioo, 
we  have  Asepfic  to.v(imia,  which  manifests  itself  by  more  or  less  fever,  and 
by  various  symptoms  conne«'ted  with  the  nervous  systenj,  etc.  The  use  of 
these  terms  iu  the  sense  indicated  seems  to  do  away  with  the  necessity  for 
using  the  old  term  pyienua. 


PYELONEPHRITIS. 


In  ascending  nephritis  or  pyelonephritis,  which  is  very  oommonlj 
secondary  to  a  cystitis  of  long  standing,  there  is  good  reason  to  be- 
lieve that  the  inflammatory  changes  and  pus  formation  depend  upoo 
the  presence  of  certain  bacteria  which  are  found  in  the  urine  of  such 
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patients  during  life  ami  in  the  diseased  kidney  removed  by  surgical 
ujxsration  or  post-mortein.  And  recent  researches  show  that  the  Ba- 
cillus coli  communis,  which  is  constantly  present  in  the  intestine  of 
healthy  individuals,  is  found  more  frequently  than  any  other  micro- 
organisna  in  the  so-called  "surgical  kidney." 

The  most  important  ami  comtvpthonsive  work  utx>n  lli«  bacteriolotry  of 
uyt'loiiephritis  is  lliut  of  S<.'limklt  and  Asclioif,  nublislied  in  Jena  iu  1893. 
rhoautfiops  named  givu  a  coiiipli'te  resume  of  the  literatujT  of  tlie  subject, 
anil  a  full  reuoi-t  of  fourU'eii  cases  of  pyelonephritis,  in  which  they  have 
made  bacterioiog'ical  investigations.  They  also  rejHjrt  a  series  of  exptriments 
uiHtn  rabbits,  in  which  iujections  of  a  pure  culture  of  the  Bacillus  coli  coiu- 
niuiiis  weri'  matte  into  the  left  ureter,  after  tyiujf  it  below  the  point  of  iu- 
jecliou.  The  ligature  was  it-moved  after  the  Injection  hatl  been  oiade,  and 
the  wound  in  the  alKloioinal  wall,  which  had  been  uiailc  with  antiseptic  pre- 
cautions, WHS  <loseil.  Some  of  the  animals  so  treated  died  in  from  twelve 
hours  to  four  or  tive  days,  while  othera  survived  and  were  killed  on  tlie  sev- 
enth ami  ninth  day. 

The  left  kidney,  especially  in  the  cases  which  survived  the  operation  for 
several  days,  was  found  to  Ije  two  or  thi*ee  times  as  large  as  the  right  and  to 
present  ail  the  evidences  of  parenchyniatous  inflammation.  The  ]ielvis  of 
the  kidney  contained  moi-e  or  less  aiiimouiaeal  urine,  pus,  and  bacilli;  the 

tjai-enehymagave  evidence  of  diifu.se  intlammatton  and  contained  mimerous 
kacilli.  As  a  rule,  a  pure  culture  of  the  Bacillus  coli  communis  was  obtained 
from  the  iiitlameil  kiiiney. 

A  similar  exjierimeut  wa.s  made  with  a  s]>ecics  of  proteus  (vulgaris  i),  and 
with  a  .similar  ivpsuk.  The  animal  died  at  the  end  of  two  days.  The  left  kid- 
ney was  twice  as  large  as  the  right,  the  surface  of  a  deep-i-ed  color  dotted 
with  numerous  white  spots ;  the  parenchyma  hat.1  a  striiietl  ajijiearance  in\ 
section  and  a  j'reenish  color  iu  the  vicinity  of  the  (wlvis,  whicli  contained 
ammoniacal  and  bhxKly  m-ine.  A  putrefactive  rxlor  was  given  off  fmm  the  or- 
gan.    Proteus  in  pure  culture  was  recovered  from  the  interior  of  the  kidney. 

Some  of  the  earlier  observei-s  have  described  nondiquefying  bacteria  ob- 
tained from  the  blatlder  in  eases  of  clii-onic  cystitis  or  of  pyelont']>hritis  fol- 
lowing cystitis,  which,  acconling  to  Schnudt  and  Aschotf,  corresixmd  in 
morphological  and  biological  chanu'ters  with  Bacillus  coli  couununis,  aud 
were  no  doubt  i<letitie'al  with  it.  They  believe  that  tlie  bacillus  described  by 
Clado  (18*^7)  under  the  name  of  "  Bacterie  septique,*'  and  subfjeijuentlyfound 
by  Albarran  and  Halle  in  forty-seven  out  of  fifty  cases  of  cystitis  ( fifteen 
times  in  pure  cidture),  and  ca1le<l  by  them  "Bacille  pyogene,"'  is  in  fac^t  the 
Bacillus  coli  cnmnvnnis. 

Schmidt  and  Aschotf'  say  that  the  chanpes  found  in  the  kidneys  of  rabbits 
afterthe injection  of  Bacillus  wdicommunisintotbc  ligated  ureter c«»rresiKnul 
with  those  seen  iu  the  "surgical  kidney"  of  man.  They  were  surprised  at 
tha  rapidity  with  which  the  Bacilli  penetrated  the  urinary  tidjules.  The  first 
changes  in  tlie  iKo-enchyma  of  the  organ  (H-curred  at  the  end  of  thirty-si.x 
houi-s,  aud  at  the  end  of  five  to  seven  days  these  changes  liail  I'eached  their 
exti-enie  development.  They  evidently  dependetl  uiK>n  the  invasion  of  tlie 
urinary  tubules  by  bacilli.  This  conc'lusion  cori-esponds  with  that  reached 
in  previous  researches  by  AJltarran,  Achard  and  Renault,  and  by  Krogius. 

No  doubt  cy.stitis  and  a.seendiug  |>yelonephritis  are  usually  caused  by 
nueroorganisrns  introduced  through  the  urcthr'a  into  a  bladder  which  is  ren- 
derti'd  susceptible  to  infection  by  mechanical  violence  or  clienucid  irritation. 
The  most  fi"e<iueut  cause  of  such  local  infectirui  is  the  Bticillus  coli  conmuinis, 
which  is  constantly  present  in  the  intestine  and  uiiou  the  e.xternal  surface  in 
the  vicinity  of  the  anus,  from  whence  it  inav  easily  be  transported  U>  the  in- 
terior of  the  bhulder  by  catheters,  etc.,  used hy  the  patients  themselves  or  by 
their  medical  attendants. 


610 


BACTEatIA   IN   INFECTIOUS   DISEASES. 


PYOSALPINX, 

The  researches  of  Zweife!  (LSO'^)  show  that  a  certain  proportion  of 
the  cases  of  pyosalpiux  are  due  to  the  presence  of  the  gonococcus;  in 
other  cases  the  infectious  agent  is  Streptococcus  pyogenes,  and  in  a 
few  cases  the  micrococcus  of  pneumonia  has  been  found  in  pus  from 
the  tubes  removed  by  operation.  In  seventy-one  cases  of  pyosalpinx 
or  of  salpiugo-oophoritis,  which  were  examined  by  Zweifel  after  oper- 
ation, the  gonococcus  was  found  eight  times  and  streptococci  three 
times,  while  in  one  the  micrococcus  of  pneumonia  was  present. 
Menge  (1892)  foimd  gonococci,  and  no  other  microorganisms,  iu 
three  cases.  Zweifel  believes  that  in  many  cases  in  which  the 
gonococcus  is  not  found  it  was  the  infectious  agent  to  which  the  in- 
flammation and  pus  formation  was  due,  but  that  its  presence  can 
only  be  demonstrated  in  recent  cases,  aa  it  soon  dies  out. 

RELAPSING   FKVEB. 
Due  to  infection  by  Spirillum  Obermeieri  (No.  191). 


RHEUMATIC    FEVER. 

The  symptoms  and  complications  of  acute  rheumatism  indicate 
that  it  is  an  infectious  disease,  and  the  researches  of  bacteriologists 
give  some  support  to  this  view.  Singer  (1895)  in  seventeen  cases 
investigated  found  Staphylococcus  pyogenes  albus  iu  the  urine  in 
ten,  and  in  two  cases  iu  the  blood;  iu  three  cases  Streptococcus  pyo- 
genes ivas  found  iu  the  urine  alone  and  in  two  cases  in  association 
with  Staphylococcus  pyogenes  albus;  in  one  case  Staphylococcus 
pyogenes  aureus  was  obtained  from  the  urine,  and  in  one,  compli- 
cated with  cystitis.  Bacillus  culi  communis,  According  to  Singer  the 
microorganisms  found  were  iu  large  numbers  during  the  acute  stagt 
of  the  disea>je  and  disappeared  when  convalescence  was  establisheil- 

Ou  the  couti-aj-y,  Chvostek  (18S>5)  failed  to  find  microdrganism^^H 
in  the  uriuo  iu  uineout  of  twelve  cases  examined  by  him;  in  thre^^l 
cases  he  obtained  micrococci — Staphylococcus  pyogenes  albus  in  on^ 
Diplococciis  ureiB  in  one,  and  an  undetermined  coccus  in  one.     The 
same  author  reports  that  in  numerous  examinations  of  the  contents 
of  the  inflamed  joints,  both  in  acute  and  chronic  cases,  he  failed  to 
find  bacteria  of  any  kind.     Sahli  (18ti2)  refers  to  the  uniformly  nega- 
tive results  obtained  by  different  bacteriologists  who  have  made  cul- 
tures from  fluid  obtained  from  the  inflanied  joints,  and  reports  a  fa 
case  in  which  he  also  failed  to  obtain  cidtures  from  the  fluid  in  tb« 
affected  joints,  but  in  which  StaphyKx'occus  pyogenes  citrens  w«s 
obtained  in  cultures  from  the  blood,  the  synovial  membrane  of  ti 
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affected  joints,  the  fibrinous  exudate  upon  the  pericardium,  the  endo- 
cardial vegetations,  and  the  swollen  bronchial  glands.  It  is  evident 
that  in  this  case  there  was  a  general  infection,  and  it  seems  probable 
that  the  joint  inflammation  was  duo  to  the  same  microorganism  as 
that  of  the  other  tissues  involved  in  the  infectious  process,  It  is  i)OS- 
sible,  however,  that  the  so-called  complicatious  of  acute  rheumatism 
result  from  a  mixed  infection.  Sfjint-Gennain  (IStili),  in  inoculation 
ex|)eriment3  made  with  attenuated  cultures  of  staphylococci  into  the 
circulation  in  young  animals,  was  able  to  produce  joint  inflamma- 
tions with  effusion  of  serum  into  the  joint  cavity,  but  this  serum 
proved  to  be  sterile.  In  cases  of  subacute  or  chronio  articular  rheu- 
matism Bouchard  and  Charriu  report  (18!>])  that  they  have  fre- 
quently obtained  cultures  of  Staphylococcus  pyogenes  albus  from  fluid 
drawn  from  the  affected  joints.  Saeaze  (1894)  calls  attention  to  the 
fact  that  acute  rheumatism  is  sometimes  preceded  by  a  lesion  through 
which  general  infection  may  haveorcurreil,  and  he  records  a  case  fol- 
lowing a  suppurating  wound,  from  the  pus  of  which  Staphylococcus 
pyogenes  albus  was  obtained  in  pure  culture,  also  several  cases  occur- 
ring in  individuals  with  hypertrophy  of  the  tonsils,  in  which  he 
supposes  that  this  was  the  channel  of  infection. 

If,  as  appears  prubiible,  acute  rheumatism  is  due  to  infection  by 
the  ordinary  pus  cocci,  we  may  suj^pose  that  this  occurs  in  conse- 
quence of  a  loss  of  the  natural  immunity  which  in  a  normal  condi- 
tion of  health  protects  man  from  invasion  by  these  micrococci,  which 
are  constanth'  present  (L'sjH-cially  Stiiphylococcus  pyogenes  albus) 
upon  tlio  surface  of  the  bu«ly  and  of  mucous  membranes.  In  the 
writer's  work  on  "  Immunity,  Protective  Inoculations,  and  Serum- 
Therapy  "  (181.t5)  the  following  conclusion  is  i-eached  with  reference 
to  the  explanation  of  natural  immunity: 

"  The  exi)erimental  evidence  submitted  considered  in  connection 
with  the  extensive  literature  relating  to  "  phagocytosis,"  leads  us  to 
tlie  conclusion  that  natural  inununity  is  due  to  a  germicidal  sub- 
stance present  in  the  blood  senim  which  has  its  origin  (chiefly  at 
least)  in  the  leucocytes  and  is  solnbh*  only  in  au  alkaline  medium." 
Now,  in  acute  rheumatism  there  is  an  excess  of  acid  in  the  system, 
and  it  seems  quite  probable  that,  as  a  result  of  this,  the  Tiatural  im- 
munity against  infection  by  these  micrococci  is  neutralized. 


RHINITIS    FIBRINOSA. 


In  a  considerable  nuiiil>f' r  of  aiscs  of  fibrrnous  rhinitis,  rp|Kjrtc<l  by  vari- 
ous autliors,  the  Klehs-Lfilllei-  tlii)lithi>ria  b.icillus  has  U'en  dejiioiistratfd  to 
be  present — Baginsky,  Park,  Abbott,  Stairnn,  Concetti,  Gerber,  and  Pinlack 
(1895),  and  others.  Vfry  curiiMtsly  ibe  diphtboi-itii-  process,  as  a  nile,  does 
uotext^-nd  to  tbf  fum-i's,  and  tli«  dispase  rims  n  favorable  course,  although 
virulent  diphtheria  bacilli  may  be  obtfuned  from  the  fibrinous  exudate. 
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RHINOSCLEKOMA. 

This  appears  to  be  a  localized  infectious  process,  due  to  the  presence  of  thd 
Bacillus  of  rhinoscleruma  (No.  58). 

SCARLET  FEVER. 

The  specific  iBfectioiis  agent  in  scarlet  fever  has  not  been  denionstr 
In  the  diphtheritic  exudate  frequently  seen  in  the  angina  of  scarlet  fever » 
streptococcus  is  commonly  found  which  appears  to  Ite  identical  with  Strep- 
tococcus pyogenes;  mid  m  the  secondary  allectitms  which  occur  in  the 
course  of  this  disease  or  duriii>,'  cnnvale.swnce,  when  suppuration  occurs,  one 
or  the  other  of  the  cunuiKin  pyo^^euic  micro<.'Occi  is  usually  found  and  u 
doubtlesH  the  cause  of  the  local  inllaniniatory  pr<K-ess.     (See  Otitic  media.) 

Crajkow.ski  (1895.)  lia.s  reiwrted  that  lie  found  in  fifteen  cases,  in  which  he 
examined  the  blood  of  scarlet  fever  imtients,  a  diidococcus  present  in  com- 
paratively small  numbcJ's — seldom  more  than  one  or  two  in  a  micrtiscopio 
field.  Thi.s  diplfKroccusdoes  not  stain  liy  Gram's  nietluxl  and  in  j^^neral  stam* 
feebly  and  quickly  loses  its  color.  Cultures  were  obUtiufnl  in  Ixjuillon  and 
upon  solid  media  (in  the  incubating  oven  ?),  but  not  in  gelatin.  The  develop- 
ment is  said  to  be  shnv,  and  the  colonies  i-esemble  sniall  drops  of  dew — la* 
more  than  one-third  t-o  oue-half  of  a  miUiinetre  in  diameter.  Pathoj»enic  for 
mice,  but  not  for  rabbits.  Crajkowski  does  not  claim  that  the  etiolofirical 
relation  of  this  diplococcus  to  scarlet  fever  has  been  demon.strated.  His  dried 
hlood  preparations  were  stained  by  the  method  of  Cheucinsky. 


8CORBUTIS. 

In  an  epidemic  of  scurvy  in  a  cavalry  regiment  Babes  (1894)  found  in 
every  case,  m  the  necrotic  margin  of  the  nmcous  membrane  of  the  gums,  a 
slender,  ijoiutct!,  and  hent  bat-illus,  i-esemhling  the  tubercle  bacillus  :  tliis  did 
not  stain  by  Gram's  methml.  Thi.s  bacillus  grew  in  nutrient  agar  at  37  C, 
and  the  cultures  injected  into  rabbits  caused  a  hemorrhagic  septicaemia  and 
death. 

SEPTIC  jEMIA. 

Septicsemia  in  man  is  usually  due  to  infection,  through  a  wound 
or  mucous  membrane  denuded  of  its  epithelium,  by  a  virulent  variety 
of  one  of  the  common  pus  cocci — Streptococcus  pyogenes  (No.  5),  or 
Staphylococcus  pj-ogencs  aureus  (No.  1).  Canon  (1894)  has  reported 
the  results  of  his  bacteriological  researches  in  seventy  cases  of  "  septi- 
ciemia,  pyaemia,  and  osteomyelitis."  He  divides  his  cases  into  three 
groups.  In  the  first  group  (20)  microorganisms  were  present  in  the 
blood  without  metiistuaes,  in  the  second  (20)  microorganisms  were 
present  and  metastatic  foci  of  infection  were  foimd;  in  the  thiid 
gfroup  tliere  were  metastatic  foci  but  no  microorganisms  were  found 
in  the  blood.  In  the  first  grouj)  of  cases,  in  hloo<l  obtained  port 
mortem  from  a  vein  in  the  arm,  streptococci  were  found  in  a  ma-- 
jority  of  the  cases,  staphylococci  in  a  smaller  number,  the  pneumonia 
coccus  in  one,  and  Bacillus  coli  communis  in  one.  In  this  group  the 
blood  was  examined  in  seven  cases  duiin^i  life  and  in  three  of  then 
with  a  positive  result.     In  eleven  cases  of  various  origin,  in  which 


BACTERIA   IN   INFECTIOUS   DISEASES. 


613 


I 


I 


I 
I 

I 


metastatic  foci  were  found,  streptococei  or  staphylococci  were  usu- 
ally found  in  the  blood  post  mortem,  and  in  four  out  of  five  cases  the 
blood  was  examined  during  life  with  a  positive  reault.  lu  five 
cases  of  oBteomyelitis  blood  examinations  showed  that  Staphylococ- 
cus p3'ogene3  aureus  was  usually  present.     (See  also  Osteoymelitis.) 

Petruschky  (18i)4)  in  his  extended  researches  obtained  |)Ositive 
results  in  seventeen  cases  in  which  the  blood  waa  examined  during 
life  (eight  non-fatal  cases).  Streptococci  were  found  in  fourteen  of 
these  cases,  Staphylococcus  pyogenes  aureus  in  two,  and  Staphj'lococ- 
cus  pyogenes  albus  in  one.  In  puerperal  septicsemia  Streptococcus 
pyogenes  is  the  usual  infectious  agent.     (See  Puerperal  Fever.) 

In  gangrenous  septicaemia  (.septicemie  gangreneuse  or  gazeuse  of 
French  authors)  the  bacillus  of  malignant  cedema  (No.  18G)  is  the 
usual  infectious  agent,  but  this  is  a  localized  infectious  process  rather 
than  a  general  bkxid  infection. 

Certtiin  cases  of  so-called  purpura  liEemorrhagica  are  probably 
due  to  general  blood  infection  by  pathogenic  bacilli  (see  Bacillus  of 
Tizzoni  and  Giovannini,  No.  Ho,  Bacillus  of  Babes,  No.  146,  and  Ba- 
cillus of  Kolb,  No.  147),  and  von  Dungern  has  de.scribed  a  case  of 
hemorrhagic  septicicmia  in  a  new-born  child  due  to  infection  by  a 
capsule  bacillus  (No.  104). 

Septivfjemia  in  cattle  (Rinderseuche)  is  due  to  infection  by  Bacil- 
lus septicaimiaB  hfemorrhagicfe  (No.  (il),  as  is  also  septicaemia  in  deer 
(Wildseuche),  in  awine  (Schwdneseuche),  and  in  rabbits  (Kaninchen- 
septikiimie,  Koch).  The  same  baciUa**  is  the  cause  of  the  infectious 
disease  of  fowls  known  as  "  fowl  cholera. "  Other  bacteria  producing 
sef)tt(xemiu  in  fowls  are  bacillus  of  Lucet  (No.  87)  and  Bacillus 
gallinarum  of  Klein  (No,  77).  Septiccemia  in  ducks  is  caused  by 
the  bacillus  of  Cornil  and  Toupet  (No.  ij'2) ;  in  geese  by  Spirillum 
anserum  (No.  l'J'2);  in  frogs  by  Bacillus  hydrophilus  fuscua  (No. 
81);  in  fiah  hy  Bacillus  piscicidus  agilis  (No,  1137),  and  Bacillus  of 
Emmerich  and  Wei  bet  (No.  1(J!>) ;  in  grouse  by  Bacillus  of  grouse 
disease  (No.  76),  in  parrots  by  Streptococcus  perniciosus  psittacorum 
(No.  43) ;  in  mice  by  numerous  bacteria,  including  Bacillus  erysipel- 
atos  suis  (No.  fj7).  Bacillus  typhi  murium  (No.  84),  Bacillus  of  Laser 
(No.  8;i)j  and  Bacillus  of  Mereshkowski  (No.  1(J8);  in  rabbits  by 
very  many  pathogenic  bacteria  from  various  sources  including  Bacil- 
lus septiciemiiE  ha?morrliagicjB  (No.  61),  Micrococcus  pneumoniie 
crriup<?«e  (No.  B),  Bacillus  authracis  (No.  4f)),  Bacillus  ciniiculicida 
Havanieusis  (No.  9^),  BacilluH  leporis  lethaliH  (No.  i)4) ;  in  swine 
by  Bacillus  septicseniifB  hiemorrhagicjp  (No.  Dl),  Bacillus  of  swine 
plague,  Marseilles  (No.  65),  and  Bacillus  of  hog  cholera  (No.  G3). 
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SILKWORMS,   INFECTIOUS    DISEASES  OF. 
See  Streptococcus  booibycui  (No.  24)  and  Nozema  bombycis  (No.  25). 

STOMATITIS. 

Schiramplbusc-li  (1S83>,  Liti|2rard  (1888)  aiid  Foole  (1893)  liave  described 
bacilli  obtained  by  thcni  fitnu  tlie  necrotic  tissues  in  cases  of  noma.  Tlie 
bacillus  of  Liupai'd,  cjbtained  frtmi  five  cases,  a])))ears  to  be  identical  with 
that  of  8«-hii!inielbiiscb  (No.  110).  In  the  case  i"ejK>rted  by  Fo<jte  the  bacilli 
found  tbtTered  from  the  bacillus  of  Schimmelbusch  as  shown  by  tlie  fact  tliat 
they  stained  by  Grain's  method. 

SYMPTOMATIC  ANTHRAX. 

Sjrmptomatic  anthrax  ("blackleg,"  "quarter  evil,"  Ger,,  Rauscb- 
brand)  in  due  to  infection  bj''  an  anaerobic  bacillus  (see  Bacillus  of 
Symptomatic  anthrax,  No.  188). 

SYPHILIS. 

The  etiology  of  syphilis  has  not  been  determined  by  the  researchai  td 
bacteriologi.sts.  For  an  account  of  the.  Miici'oiirg'inusms  which  have  been  en- 
counteretl  in  syphilitic  lesions  the  reader  is  referretl  to  tlie  article  on  the 
Bacillus  of  Lustgarten  (No.  55). 

TETANUS. 

Due  to  infection  bj'  Bacillus  tetani  (No.  186). 


"TEXAS    FBVER"   OF  CATTLE. 

Billines  (1888)  has  announced  the  discovery  of  a  bacillus  in  the  blood  of 
catlte  suffering  from  Texas  fever,  which  he  supposed  to  be  the  cause  of  this 
disease,  but  the  investigations  of  other  bacteriologists  have  failed  to  oonfirtsj 
the  alleged  discovery.  It  appears  pfobable  that  a  mistake  in  diagnosis  n 
nimle,  and  that  the  disease  studied  by  iitUings  was  an  infectious  form  of  sep-l 
licaemia  in  cattle  similar  to  the  Riiulerseuche  of  German  authors.  The  nn-1 
CTtwrganism  which  he  has  described  *is  coming  from  the  blood  of  th*^^ 
infecteil  animals  resemble.s  in  its  nior|diology  Bacillus  septicji'mi;!*  h«*niof«j 
rhagicic  (No.  til),  and,  if  not  identical  with  tliis  widely  distributed  Hpeciea,] 
apjwar*  to  l>e  very  iieai'ly  i-elated  to  it,  j 

TliR  researches  of  Smith  ami  other  bacteriologiiits  connected  with  th«| 
United  States  nejiartment  of  Agriculture  appear  t/>  have  elucidated  Uic  rUol* ' 
ogy  of  ihi.H  dtsea.se,  :iiul  to  show  that  it  is  due  to  a  blood  parasite  beloD^ng 
to  the  prijtozua  (Pyi-osoma  bigemiuuin  of  Smith). 


TRACHOMA. 

Fuchs  (1804)  as  a  result  of  his  investigations  arrives  at  the  coo- 
elusion  that  trachoma  is  frequently  due  to  infection  by  the  gODO'l 
coccus.     He  believes  that  in  acute  cases  the  tran.sfer  of  the  infectiou*' 
secretions  causes  an  acute  gonorrhceal  ophthalmia;  and  that  when 
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this  becomes  chronic  a  similar  transfer  of  infectiouB  material  gives 
rise  to  the  chronic  inflammatory  process  known  as  trachoma.  Hoor 
(isil.'i)  also  ascribes  trachoma  to  infection  by  gonococci,  and  believes 
that  in  their  etiology  papillary  trachoma  (blemiorrboea  chronica)  and 
granular  trachoma  (trachoma  verum)  are  identical. 

TYPHOID    FEVER. 

The  etiological  relation  of  Bacillus  typhi  abdominalis  (No.  46)  to 
typhoid  fever  is  now  generally  admitted  by  pathologists  and  hacteri' 
olugiijts. 


\ 


TYPHUS  FEVER. 

Th«  etiolofify  of  typhus  fever  has  not  been  determined  in  a  definite  mau- 
ue*".  Hlava  (1888J  lias  described  a  "streptobacillus  "  wliick  he  supposes  to 
be  concerned  in  the  etiology  of  this  extremely  contagious  disease  ;  but  it  bag 
beeu  sbow^l  by  other  investigators  that  this  bacillus  is  not  constantly  present, 
and  thi-re  is  no  aatisfat'tory  evidence  that  it  is  tlie  sjwciflc  infectious  agent. 

Thoiiiet  and  Calmette  (1892)  examined  the  blocxi  in  Bcven  caiica  anil  were 
unable  to  find  the  streiitolmcilliis  of  Hlava  ;  their  cuhuivs  from  tlie  sj)h>en  of 
living  jiatinnis  and  from  the  sjdeen  anil  blixjil  frf>tii  tiie  heart  of  recent  cadav- 
ers ifave  ti  nejrative  result.  Tliey  found,  Jiowever,  in  bhx)d  e.xainint'd  undt-r 
the  microscope  abiioniial  elements,  in  the  form  of  motile  granules  and  fila- 
ments, which  were  sometimes  adherent  to  tiie  red  bluod  corpuscles.  Lewa- 
schoff  in  1892  claimed  to  have  foutid  in  the  blo<Ml  of  tyidius  ])atieiit8  motile 
micrococci  haviug  lonjf  spiral  thiL'elia.  In  a  subsequent  epidemic  I^ewa- 
schoff  (18H4J  claims  to  nave  found  llie  same  microtirganism  in  one  liundred 
andeijfhtceu  cases  examined,  and  also  to  have  obtained  in  cultures  fn>m  blood 
taken  from  the  spleen  or  from  the  finger  the  same  microorg-anism,  sonietimes 
sobtary  and  pii>vided  with  llapella,   and  «ometimes   in  chains.     Weiushal 

(1892)  in  ten  ca-ses  examined  hy  the  method  recommended  by  Lewaschotf  was 
unable  to  Hnd  the  niicroorf^ani.sui  descril)ed  by  liim  or  any  other.     Hlava 

(1893)  in  his  more  i-eceiit  researches  has  not  obtained  hi.s  sireptobacillusin 
cultures  made  soon  after  death  (ten  ca.se.s>;  but  he  obtaiiieil  various  micro- 
iirg'aiiisius  in  liis  cuUiires  from  I  lie  spleen,  lungs,  etc.,  which  he  concludes 
are  nfit  directly  concerned  in  the  etiology  of  the  disease' — strept<jc<>cci,  staphy- 
lococci. pseudo-<liphtberia  bacilli,  and  a  proteus  ("Vibrio  jiroteus  ruber''). 
He  also  observed  in  the  blood  and  spleen  bodies  resemblintj  the  spores  of 
yeast  fung-i. 

Dubietf  and  Bruhl  U893)  in  nine  cajses  examined  (six  post-mortem)  found 
in  small  numbers  in  the  bUnxl  and  spleen  a  diplococcus,  called  by  them  Dip- 
lococcus  exanthematicus.  This  is  said  to  have  been  dithcult  t^i  cultivate  and 
to  have  been  present  in  enormous  iiundH-rs  in  mucus  from  the  nose  and 
throat  and  from  pueumouic  foci  in  the  lungs. 

Calmette  (L893),  in  a  detailed  account  of  the  microorganism  previously 
described  by  liim.self  and  Tlioinet,  rejwrts  that  this  is  especially  aljundant  in 
splenic  pulp  obtained  by  an  aspii-atin^  syringe  during^  life.  The  bodies  found 
are  actively  motile,  and  fmni  2  to  3 /^  in  diameter,  having'  sometimes  a  fili- 
form appendage  fn)ni  4.  lo  5  /t  in  lenpth.  Long  spiral  filaments  are  also  occa- 
sionally seen  ;  these  ai'e  from  20  to  HIJ  ft  long-  and  1  to  2  /'  thick  :  they  are  ac- 
tively motile.  Cultures  from  blotHl  were  obtained  in  media  containing  sugar 
or  acidified  with  lactic  or  tartiiric  a^'id.  This  microorganism  is  believed  by 
Calmette  to  be  a  microscojjic  fungus,  l»longing  to  the  ii.scomycet<'s,  or  to  the 
genus  Ustilago.  Curtis  and  Comliemale  (181W)  in  cultures  from  blood  drawn 
nom  the  linger,  in  twelve  cases,  bad  invariably  a  uegative  result ;  in  tbi-ee 
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cases  out  of  six  in  whicli  cultures  were  made  fi-oni  material  obtained  fnun 
the  spleen,  post  mortem,  a  very  minute  diplococcus  developed,  at  37'  C.  Thin 
formed  a  grayisli  luj'er  upou  the  surface  of  uutrient  aj^ui-  at  the  end  of  twu 
or  three  days. 

TUBERCULOSIS. 

The  various  forms  of  tubercular  infection  in  man  are  duo  to 
single  specific  infectious  agent — Bacillus  tuberculosis  (No.  53).  Tu- 
berculosis in  cattle  is  due  to  infection  by  the  same  bacillus.  The 
bacilhm  which  produces  tuberculosis  in  fowls  closely  resembles  that 
of  human  tuberculosis,  but  owing  to  slight  differences  is  described 
under  aKeparute  heading — Bacillus  tuberculosis  gallinarum  (No.  54). 


VARICELLA. 


Tarimis  microfirganisms  ha%-n  l«?en  found  in  the  contents  of  the  V( 
and  puiitule.s  of  variceliu,  but  Lhere  in  uo  evidence  that  any  oue  of  thflM 
&n  etiological  relation  to  this  specific  eruptive  fever. 


VARIOLA  AND   VACCINIA. 

The  etiolo^  of  small -pox  .still  remains  undetermined.     The  common  pu« 
cocci  iind  varioua  other  niiciiHirgaiiism.s  are  found  in  tiie  characteristic  pus- 
tular eruption,  and  various  microiJrj^nisins  havy  l>een  isolated  from  vaccine 
vesicles  ;  but  uo  one  of  tliese  basljoen  shown  loposssfss  the 8j)ecificpatlnjpenic 
IKiwcr  of  unHhcre<l  lymph  from  Ibe  same  source.     The  exi>eriment«  of  Cars- 
tcn.s  and  Coert  sIkcw  that  the  speciHc  viruh-nce  of  v.^iccine  Ivmph  is  destmynl 
by  ten  minutes'  exposure  to  a  l«mj)eratuj«  of  54   C.     And  the  WTitcr"s«-M  ■ 
ments  show  that  various  disinfecting  agents  twitted — chlorine,  sulphur  dii 
nitrous  acid — destroy   the  infective  viruleticu  of  lynij>h  dried    uj^mn  i\»t\ 
jK)int.s  in  about  the  Hamc  prijportion  as  is  i-etiuircd  fur  tlie  destruction  of  fome 
of  tlie  liest-known  pallioifenic  bacteria.     But  this  d(jes  not  pn^ve  that  vt"- 
leiice  dejiendsupon  the  presence  of  a  hvinjj  microrgaui.sm,  however  pn'' 
tliis  ap|)ears,  for  cei-tain  toxalbuininis  are  likewise  destri>yetl  by  a  corrt^ij-n,..- 
ingly  low  tempei-ature  and  by  the  action  of  variou.s  chemical  disiiifectaulA. 

Nikolsky  (1892)  obtaineil  from  the  base  of  the  pustules  of  small-pox  a  mo- 
til*',  ]i(juefyiiig,  aiKU-e-prixlufiiijjr  bacillu.s  which  when  intitKluced  into  the 
pei'itoncal  cavity  of  rabbits  is  -said  Uj  biivo  given  ri.se  to  a  jnistular  eruption  ; 
the  bacillu.s  was  i-ecovered  iu  cultures  from  tliese  pustules.  Grig»irij<w 
<1889>  in  three  ciwes  found  a  .^imall  bacillu.s.  twice  as  long  as  thick,  whi'li 
slowly  liquelie<l  gelatin,  and  did  lujt  coagulate  milk.  Besser  (189.'})  givts  m, 
account  of  the  inicn«JrganisinM  found  in  tlie  pu.stules  of  variola  ami  ad»is  t" 
the  list  u  bacillus  found  by  himself  in  a  single  case.  Tliis  does  not  grow  lu 
gelatin  at  the  ihx>iu  tcmiKTature  and  is  more  slender  than  the  bacillus  of 
Srigoriew. 

The  results  of  the  researche.s  of  Martin  (1891)  have  been  reported  by  Ernst 
(1803}.  He  ol)taincd  various  bacu^ria  frt>m  the  lymph  of  vaccine  vesicIcK 
and  among  these  was  a  bacillus  which  ho  believc<l  to  l»e  the  specific  infedinus 
agent.  This  he  wa.s  ahle  to  cultivate  ujion  the  surface  of  sterilized  blond 
semen  of  the  ox,  at  37  C,  and  his  cultures  of  the  ninth  generation  areaaid 
to  have  produce<l  typical  cow-pox  when  inoculale<l  upon  «'alve8.  He  ari ; 
*'  The  material  'take.s^  with  the  same  certainly  as  the  Ijinph  from  the  vesiclr- 
From  the  vesicles  pnMlnced  by  it  uimn  the  calf  I  liave  vaccinated  a  numbrr 
of  cluidreu,  in  every  case  inducing  vaccina  of  the  most  ijerfect  ty^»e  *'  He 
also  sayi  with  reference  to  his  cultures :  ' '  These  cultures,  however,  were  not 


BACTERIA   IN  INFECTIOUS  DISEASES. 


617 


pure,  but  contained  quite  a  variety  of  bacteria.  In  every  instance  the  blood 
serum  was  liquefied.  As  to  the  morpholojifv  lie  says  :  "The  bacterium  va- 
ries in  farm  according'  to  the  various  conditions  of  its  nutritive  environment 
an<i  llie  ccmsequent  rate  of  its  development.  The  most  constant  and  preva- 
lent form  US  a  short,  tine  bacillus  with  roiuuled  or  nearly  stjtiareend.s.  Those 
parts  of  tliLi  culture  where  the  nutriment  is  apparently  e.xhau.sted  show  the 
same  b.tcilli  in  short  ciiains,  longer  bacilli,  iinu  Dacilli  much  cnlarg'ed  at  one 
end  or  tlin  miiidle,  as  if  in  preparation  for  s]»ore  formation,"  As  Martin's  cul- 
tures Were  not  pure  we  have  no  evidence  that  his  .successful  inoculation.s 
were  due  to  the  jiarticular  baciliUw  which  attracted  bis  attention.  Possibly  a 
micrtxir^fanism  of  another  clasiB  wa.s  jilso  present  and  wa.s  carried  over  fr«)ni 
one  culture  to  another.  Ruete  and  Enoch  ( 1893;  have  also  reported  aucce.s,s- 
ful  vaccinations  in  the  calf  with  a  microcooouB  which  they  cultivated  from 
vaccine  lymph. 

ButteraacK  (1893)  as  a  i-esult  of  his  re.8«arebea  arrivtHl  at  the  conclusion 
that  there  are  nuiuei-ous  minute  elements  in  vaccine  lymph  which  do  not 
stain  and  are  sometimes  arran^red  in  chains.  The  subsequent  researches  of 
Landmann  (1894)  and  others  indicate  that  the  KU[)posed  microorganisms  of 
Butlersack  are  non-living,  albuminoid  yrauules,  artificially  produced  by  his 
metliod  of  investigation.  This  view  is  contirmed  bv  the  investigations  of 
Driier  (1SK4). 

Guarnieri  (1892),  Monti  (1894),  Piaiifl,  and  Galli-Valerio  ll8!»4j,  and  Clarke 
(1895).  have  observed  aracrlxml  microoraTinisnis  in  the  pustules  of  variola  and 
in  vaccine  lymiih  which  may  prove  to  Be  the  sjiecific  infectious  acent  in  this 
disea.se.  These  are  described  by  Guarnieri  under  the  name  Cv'torycetes 
variohe and  Cytorycetes  vaccinije.  According:  to  Clarke  these  amceboid  para- 
sites belong  to  the  Sprozoa.  E.  Pfeiffer  (1893)  has  studied  this  pai*afiite  by 
inoculations  into  the  cornea  of  rabbits,  guinea-piga,  and  calves. 

WHOOPING-COUGH. 

No  satisfactory  demonstration  has  yet  been  made  of  the  specific  infectious 
agent  in  whoopiuiji^-cough. 

Kilter  (I8t)2)  has  obtained  fi-om  the  nasal  and  bi*onchial  secretions  in  cases 
(eighteen)  of  whrHininj^-coujifh  a  siuall  diplcicoccu.s  which  he  lielieve.s  to  be 
the  cause  of  the  disease.  This  i.s  amjbic,  stains  by  Gram's  method,  and 
grows  U|xui  nutrient  apar  in  theiucubatingoven — not  in  bouillon,  in  gelatin, 
or  on  potatij. 

Cohn  and  Neumann  (18SKi)  in  18  cases  in  which  they  made  a  careful  re- 
search by  approved  niethiMls  were  only  able  to  demonstrate  the  presence  of 
Ri  tier's  tiiidoct>ccus  in  one;  in  two  other  cases  some  what  similar  diploco<'ci  wej"© 
found.  Tilt!  bacillus  described  by  Afanassiew  in  1887  (No.  119J  wa-s  also  seen 
occa.sionaIly,  but  was  evidently  not  the  sitecific  iiifectious  agent.  The  niicro- 
orgauLsm  most  cvjnstiintly  found  w;is  a  streptococcus,  apparently  identical 
with  Streptococcus  pyo^'enes.  This  was  pivsi'ut  in  20  cases  out  of  25  exam- 
ined, and  in  12  of  these  it  was  obtiiined  from  bronchial  mucus  in  such  num- 
bers as  almost  to  constitute  a  pure  culture. 

YELLOW  FEVER, 

The  results  of  investigations  made  by  the  writer  in  Cuba  during  the  sum- 
mers of  1888  and  188!)  ai-e  given  in  the  following  summary  statement  from 
the  Transactions  of  the  Tenth  International  Medical  Congress  (Berlin,  1890) : 

Bacterial  Researches  in  Yellmv  Fetter. 

The  reiHJrt  relates  to  investigations  made  in  Havana,  Cuba,'  during  the 
summers  of  1888  and  1889,  in  Decatur,  Alabama,  during  the  autumn  of  1888, 
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and  ill  the  pathological  and  biological  laboratories  of  the  Johns  Hopkins 
University  cluring-  the  wintera  of  1888  and  1889. 

Fortj--t\vo  lititopsies  weit  uiade  in  typical  cases  of  yellow  fever  and  seven- 
teen autopsies  ill  other  diseases  for  ooinpai-ative  researches. 

Aerobic  and  anaerobic  cultiires  were  made  from  the  blood,  the  liver.  Uie 
kidney,  the  urine,  tJic  stomach,  and  the  iiit^-stine. 

The  experimental  data  it-cai-ded  in  this  rejwrt  show  that: 

Tlie  specific  infectious  agent  in  yellow  fever  has  not  been  demonstiated. 

The  most  approved  l>acteriologic4il  methotls  fail  to  demonstmte  the  ei>ii 
stant  presence  of  any  particular  microorganism  in  the  blood  and  tissues  of 
yellow-fever  cadavers. 

The  microorganisms  which  are  sometimes  obtained  in  cultures  from  the 
blood  and  tissues  are  present  in  comparatively  small  numbers;  and  the  one 
most  frequently  found  (Bacterium  coli  cj>minuiie)  is  present  in  the  intestine 
of  healthy  individuals,  and  consequently  its  occasional  presence  cannot  have 
any  etiological  imijort. 

A  few  scattered  bacilli  are  present  in  the  liver,  and  probably  in  other  or- 
gans, at  the  moment  of  death.  This  is  shown  by  preserving  portiouii  of 
liver,  obtained  at  a  recent  autopsy,  in  an  antiseptic  wrapping. 

At  the  end  of  twenty-four  to  forty-eight  hours  the  interior  of  a  piece  of 
liver  so  preserved  contains  a  large  number  of  bacilli  of  various  species,  the 
most  abundant  Iteiiig  tliose  heretofore  mentioned  as  occasionally  found  in 
fresh  liver  tissue,  viz..  Bacterium  coli  commune  and  Bacillus  cat£averis. 

Blood,  urine,  and  cru.sJied  liver  tissue  obtained  from  a  recent  autopsyare 
not  pathogenic  in  moderate  amounts  for  rabbits  or  guinea-pigs. 

Liver  tissue  pi-eserved  in  an  antiseptic  wrapping  at  a  temperature  of  2V' 
to  30'  C,  for  forty  eight  hours,  is  very  pathogenic  for  guinea-pigs  when  m- 
jected  snbcntaneously. 

,  This  [Mitbogenic  iiower  appears  to  be  due  to  the  microorganisms  presrtit 
and  to  the  toxic  products  developed  as  a  result  of  their  growth.  It  is  uot 
IMJcuUar  to  yellow  fever,  inasmuch  as  material  preservedin  the  same  way 
at  comparative  autopsies,  in  wiiieh  death  i-esulted  from  accident  or  other 
diseases,  has  given  a  similar  result. 

Having  failed  to  demonstrate  the  presence  of  a  8i)eciflc  "germ"  in  the 
blood  and  tissues,  it  seems  probable  that  it  is  to  be  found  in  the  alimentary 
canal,  as  is  the  case  in  chrilera.  But  the  extended  res^-arches  made,  and  re- 
corded in  the  pi-esent  report,  show  that  the  contents  of  the  intestines  of  vel- 
low-fever  cases  contain  a  great  variety  of  bacilh",  and  not  a  nearly  pure  enl- 
ture  of  a  single  species,  as  is  the  case  in  recent  and  tvpical  cases  of  choler.L 

Comparatively  few  liquefying  bacilli  are  found  ni  the  fan-es  dlschn'-i'^i 
during  life,  or  in  the  intestinal  contents  collected  s<Kin  after  death  froni 
low-fever  cudavere.     On   the  other  hand,  non-liquefying  bacilli  are     ■', 
abutulant, 

The  one  most  constantly  and  abundantly  present  is  the  Bacterium  ooli 
commune  of  E-scherioh. 

This  is  associated  with  various  other  bacilli,  some  of  which  are  strict 
anaerobics  and  some  facultative  auaerobics. 

Among  the  facultative  anaembics  is  one — my  Bacillus X — wliich  hasi 
isolated  by  the  culture  method  in  a  ccfusiderable  number  of  cases  and  i 
have  been  present  in  all.     This  buc)llu.s  has  not  been  encountered  in 
comparative  experiments  made.    It  is  very  puthogeuic  for  rabbits  when  in- 
jected into  the  cavity  <)f  the  abdomen. 

It  is  possible  that  this  bacillus  is  concerned  in  the  etiology  of  yellow  fever, 
but  no  satisfactory  evidence  that  this  is  the  case  has  been  obtiiined  by  exiwri«j 
ments  on  the  lower  animals,  and  it  has  not  boen  found  in  such  numbers  w] 
to  warrant  the  infei-ence  that  it  is  the  veritable  infectious  agent.  J 

All  other  microorganisms  obtained  in  pure  cultures  from  yeIlow-fev*ri 
cadavers  appear  to  be  excluded,  either  by  having  been  identified  with  known  j 
species,  or  oy  having  been  found  in  comparative  researches  made  outside  of 
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the  area  of  yellow  fever  prevalence,  or  by  the  fact  that  they  have  only  been 
found  ill  small  numbers  and  in  a  limited  number  of  cases.' 

Fiiiully  wc  remark  that  many  facts  relating:  to  the  origin  and  extension 
of  yellow-fever  epidemics  give  support  to  the  inference  that  the  specific  in- 
fectious agent  is  present  in  the  dojwta  of  those  sutfering  fr«>ni  the  disease, 
and  tlmt  accumulations  of  fjwal  matter,  and  of  other  organic  material  of  ani- 
mal origin,  furnish  a  suitable  nidus  for  the  development  of  the  "germ" 
when  climatic  conditions  are  favorable  for  its  growth. 

It  may  be  that  such  a  nidus  is  essential,  and  that  the  culture  media 
usually  employed  by  bacl'eriologists  do  not  afford  a  suitable  soil  for  this  par- 
ticular microli«. 

It  is  also  pos.sible  that  its  development  depends  ujwn  the  presence  of  other 
microflrganisnis  found  in  fiscal  matter,  whicii  give  rise  to  chemical  products 
required  for  the  develofunent  of  tliiM  one. 

Some  of  the  microurgnnism.s  present  in  the  dejecta  of  yellow-fever  pa- 
tients, as  shown  by  staiiietl  smear  preparations,  have  not  developed  in  Uie 
cultures  made,  either  aei"obic  or  anaerobic.  One  extremely  slender  filiform 
bacillus,  which  can  only  be  seen  with  high  powei's  and  wIul-Ii  is  quite  abun- 
dant in  some  of  my  preparations,  hus  never  been  obtained  in  the  cultures 
made,  and  no  doubt  there  are  others  in  the  same  category. 

Tliat  the  yellow-fever  germ  is  a  strict  anaeTObic.  or  that  it  will  only  grow 
in  a  special  nidus,  may  be  inferred  from  certain  facts  relating  to  the  exten- 
sion of  epidemics. 

There  is  no  evidence  that  yellow  fever  is  propagated  by  contamination  of 
the  supply  of  drinking  water,  Jis  fi-equentlv.  aucl  probably  usually,  occuraiu 
the  case  of  typhoid  fever  and  cholera.  Moreover,  epitleniics  extend  in  a 
more  deliberate  manner  and  are  restricted  within  a  nioitj  definite  area  tlian 
is  the  case  with  cholera  and  typhoid  fever.  It  is  ustially  at  least  ten  days  or 
two  weeks  after  the  arrival  of  an  infected  vessel  or  of  a  pei-sou  sick  with  the 
disease  before  cases  of  local  origin  occur;  and  the.se  cases  occur  in  the  imme- 
diate vicinity  of  the  impurttil  case  or  infected  vessel.  When  the  disease  has 
effected  a  lodgment  tlie  area  of  infection  extends  slowly  and  usually  has 
well-defined  Ijoundaries.  In  towns  and  cities  having  a  common  water  sup- 
ply one  portion  renuiins  perfectly  healthy,  while  another,  and  usually  the 
most  lilthy  p«)rtion,  may  be  decimateil  by  the  scourge. 

The  ex|>erimenta]  evidence  reconled.  and  the  fads  just  stated,  seem  to 
justify  the  recommerKhUion  that  the  dejecta  of  yellow-fever  patituits  should 
be  regarded  as  infectious  material,  and  that  such  material  should  never  be 
thrown  into  privy  v.iun.s  or  ujK>n  the  .soil  until  it  has  been  completely  disin- 
fected. 

This  rule  tlnymughly  enforced,  together  with  an  ellicient  quarantine  ser- 
vice and  proper  att*'nti(Hi  to  the  sanitary  police  of  our  exposiJ  seaport  cities, 
would,  I  believe,  etfectuallv  jirevent  this  jwvstilential  disease  from  again  ob- 
taioiug  a  foothold  within  the  limits  of  the  United  States. 

>  The  possibility,  of  course,  remains  that  the  spcclflc  Infectious  agent  in  yeUonr 
fever  may  belong  to  aa  entirely  different  class  of  aifcrofirgaulsms  from  the  bacteria, 
or  that  it  may  he  uttru-microacopic  or  not  capable  of  deiuoustration  in  the  tiaaoes 
by  the  atuiuiag  methods  usually  employed  by  boctcrioiagista. 
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The  saprophytic  bacteria  are  found  wherever  the  organic  material 
•whiL'h  serves  as  their  pabulum  is  ex|K)sed  to  the  air  under  conditions 
favorable  to  their  growth.  The  easentiid  conditions  ai-e  presence  of 
moisture  and  a  suitable  tempertiture.  The  organic  material  may  be 
in  solution  in  wat«r  or  in  the  form  of  moist  masses  of  animal  or 
vegetable  origin,  and  the  temperature  may  vary  within  considerable 
limits — 0°  to  70°  C.  But  the  species  whicVi  takes  the  precedence  will 
dejjoud  largely  upon  special  conditions.  Thus  certain  species  multi- 
ply abundantly  in  ivatcr  which  contains  comparatively  little  organic 
pabidum,  and  othera  i-etiuire  a  culture  medium  rich  in  albmninous 
material  or  in  carbohydrat.es  ;  some  grow  at  a  coini«iratively  low  or 
high  t«mj)erature,  while  others  thrive  only  at  a  temperature  of  20^  to 
40"  C.  or  have  a  still  more  limited  range  ;  some  require  an  abun- 
dant supply  of  oxygen,  and  others  wiW.  not  gix>w  in  the  presence  of 
this  gas.  Our  statement  that  saprophytic  bacteria  are  found  wherever 
the  organic  material  which  serves  as  their  pabulum  is  exposed  to  the 
air — under  suitable  conditions — relates  to  the  fact  that  it  is  through 
the  air  that  these  bjicteria  are  distributed  and  brought  in  confeict 
with  ex]x»sed  material.  It  is  a  matter  of  common  laboratory  experi- 
ence that  sterilized  organic  litfuids  quickly'  undergo  putrefactive  de- 
composition when  freely  exj)osed  to  the  air,  and  may  be  preserved  in- 
definitely when  protected  from  the  germs  8uspende<l  in  tlie  air  by 
means  of  a  cotton  air  filter.  But  the  organic  pabulum  retiiured  for 
the  nourishment  of  these  bacteria  is  not  found  in  the  air  in  any  con- 
siderable amount,  and  if  they  ever  multiply  in  the  atmosphere  it 
must  be  unilcr  very  exceptional  conditions.  Their  presence  is  due  to 
the  fact  that  they  are  wafted  from  surfaces  where  they  exist  in  a 
desiccated  condition,  and,  ovnng  to  their  levity,  are  carried  by  the 
wind  U)  distant  localities.  But,  uiider  the  law  of  gravittition,  when 
not  exiwsed  to  the  action  of  currents  of  air  they  constantly  fall 
agfxin  upon  exporiod  surfjices,  which,  if  moist,  rettun  them,  or  from 
which,  if  dry,  they  are  again  wafted  b3'  the  next  current  of  air. 
Under  these  circumstances  it  is  easy  to  understand  why,  as  deter- 
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mined  by  investigntioHj  more  bacteria  are  found  neair  the  surface  of 
tho  earth  than  at  some  distance  above  the  surface,  more  over  the 
land  than  over  the  ocean,  more  in  cities  with  their  dust-cover«l 
streets  than  in  the  country  vfiih  its  grass-covered  fields. 

Careful  experiments  have  shown  that  bacteria  do  rot  find  their 
way  into  the  atmosphere  from  the  surf  sice  of  liijuidn,  unless  portion* 
of  the  Uquid  containing  them  are  projected  into  the  air  by  some 
mechanical  means,  such  as  the  bursting  of  bubbles  of  gas.  Cultures 
of  pathogenic  bacteria  freely  exposed  to  the  air  in  laboratories  do  not 
endanger  the  health  of  thus©  who  work  over  them;  but  if  such  a  cul- 
ture is  spilled  upon  the  floor  and  allowed  to  remain  without  disin- 
fection, when  it  is  desiccatetl  the  bacteria 
contained  in  it  Mnll  form  part  of  the  dust  of 
the  room  and  might  bo  dangerous  to  its 
occupants.  Bacteria  do  not  escape  into  the 
air  from  the  surface  of  the  fluid  contents  of 
sewers  and  cesspools,  but  changes  of  level 
may  cause  a  deposit  upon  surfaces,  which 
is  rich  in  bacteria,  and  when  dried  this  ma- 
terial is  easily  carried  into  the  atmosphere 
by  currents  of  air. 

Tyndall's  experiments  (1800)  show  that 
in  a  closed  receptat-le  in  wliich  the  air  is 
perfectly  still  all  suspended  particles  are  af- 
ter a  time  deposited  on  the  flmir  of  the  closed 
air  chamber.  And  common  experience  de- 
monstrates the  fact  that  the  dust  of  the  at- 
mosphere is  carried  by  the  wind  fn>ra  ex- 
posed surfaces  and  again  deposited  when  the 
air  is  at  rest.  This  dust  as  deposited,  fur 
example,  in  our  dweUings  contains  innu- 
merable bacteria  in  a  desiccated  condition, 
and  the  smallest  quantity  of  it  introduced 
into  a  sterile  organic  liquid  will  cau.^e  it  to 
undergo  putrefactive  decomposition,  and 
by  bacteriological  methods  it  will  be  found 
to  contain  varitjus  species  of  bacteria,  8uoh 
dust  also  contains  the  spores  of  various 
mould  fungi  which  are  present  in  the  atmo- 
sphere, usually  in  greater  numljers  than  the 
bacteria.  The  mould  fungi  are  air  plants 
which  vegetate  upon  the  surface  of  moist  organic  material  and  form 
innumerable  spores,  which  are  easily  wafted  into  the  air,  both  oa 
account  of  their  low  specific  gravity  and  minute  size,  and  because  they 


Fio.  IM).  —  Pejiiclllum  glau- 
cum;  ">>  myoellum,  from  which 
la  f^lveQ  off  a  branchioK  pedicto 
bearing  spores.    X  100. 
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are  borne  upon  projecting  pedicles  by  which  they  are  removed  from 
the  moist  material  upon  which  and  in  which  the  mycelium  develops 
(Fig.  188),  and,  being  dry,  are  easily  carried  away  by  currents  of  air. 

Bacteriologists  have  given  much  attentiou  to  the  study  of  the  mi> 
croorganisms  suspended  in  the  atmospliere,  with  especial  reference  to 
hygienic  questions.  The  methods  and  results  of  these  investigations 
will  be  considered  in  the  present  section. 

Pasteur  (1860)  demon-strated  the  presence  of  Uving  bacteria  in  the 
atmosphere  by  aspirating  a  considerable  quantity  of  air  through  a 
filter  of  gun-cotton  or  of  asbestos  contained  in  a  glass  tube,  By  dis- 
solving the  gun-cotton  in  alcohol  and  ether  he  was  able  to  demon- 
strate the  presence  of  various  microorganisms  by  a  microscopical  ex- 
amination of  the  sediment,  and  by  placing  the  asbestos  filters  in 
sterilized  culture  media  he  proved  that  living  germs  had  been  filtered 
out  of  the  air  passed  through  them. 

I 

I  A  method  employed  by  several  of  the  earlier  investigators  con- 

sisted in  the  collection  of  atmospherio  moisture  precipitated  as  dew 
upon  a  surface  cooled  by  a  freezing  mixture.  This  was  found  to  con- 
tain living  bacteria  of  various  forms.  The  examination  of  rain  water, 
which  in  falling  washes  the  suspended  particles  from  the  atmosphere, 
gave  similar  results. 

The  first  systematic  attempts  to  study  the  microorganisms  of  the 
air  were  made  by  Maddox  (1870)  and  by  Cunuiughiun  (1873),  who 
used  an  aeroscope  which  was  a  modification  of  one  preWously  de- 
scribed by  Pouchet,  In  the  earlier  researches  of  Miquel  a  similar 
aeroscope  wtLS  used.  This  is  shown  in  Fig.  180.  The  opening  to  the 
cylindrical  tube  A  is  kept  facing  the  wind  by  means  of  a  wind  vane, 
and  when  the  wind  is  bloiiving  a  current  passes  through  a  small  aper- 
ture in  a  funnel'Shaped  partition  which  is  properly  placed  in  the 
cylindrical  tube.     A  glass  shde,  upon  the  lower  surface  of  which  a 
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mixture  of  glycerin  aiid  glucose  has  been  placed,  is  adjusted  near  the 
opening  of  the  ftinnel,  at  a  distance  of  about  three  millimetree,  so 
that  the  air  escaping  through  the  small  orifice  is  projected  against  it. 
By  this  arrangement  a  considerable  number  of  the  inicroorganisms 
present  in  the  air,  as  well  as  suspended  particles  of  all  kinds,  are 
rested  ujxm  the  surface  of  the  slide  and  can  be  examine<l  under 
microscoiie  or  studied  by  bacteriological  methods.  But  an  aeroscop 
of  this  kind  gives  no  precise  information  as  to  the  nixmbor  of  livinjj 
germs  contained  in  a  definit'O  quantity'  of  air.  The  microscopical  ex- 
amination also  fails  to  differentiate  the  bacteria  from  particles  of 
various  kinds  which  resemble  them  in  shai>e,  and  the  niicroorgaa- 
isms  seen  sire  ftjr  the  most  part  spores  of  vai-ious  fungi  mingled  with 
pollen  grains,  vegetable  fibres,  plant  hairs,  starch  granules,  and 
amorphous  granular  material. 

Another  method,  wliich  has  been  employed  by  Cohn,  Pasteur, 
Miquel,  and  others,  consists  in  the  aspiration  of  a  definite  quantity  of 
air  through  a  culture  litjuid,  which  is  then  placed  in  an  incubating 
oven  for  the  develojjment  of  mirrwrganisms  washed  out  of  the  air ' 
which  has  bt»en  passed  through  it.  This  method  shows  that  bacteria 
of  different  siK-cics  are  present,  but  gives  no  information  as  to  their 
relative  numlier,  and  rtnjuii-es  fiirther  researches  by  the  plate  method 
to  detennino  the  characters  of  the  several  sj)ecies  in  pure  cultiu^e. 

A  far  simpler  method  consists  in  the  exp<jsure  of  a  solid  culturs 
medium,  which  has  been  carefully  sterilized  and  allowed  to  cixil  on  a 
glass  plate  or  in  a  Petri's  dish,  for  a  short  time  in  the  air  to  be  er- 
amiued.  Bacteria  and  mould  f  imgi  deposited  from  the  air  adhere  to 
the  surface  of  the  moist  culture  medium,  and  form  colonies  when  the 
plate,  enclosed  in  a  covered  glass  dish,  is  placed  in  the  incubating  oveu. 
The  number  of  these  colonies  which  develop  af  t«r  ex[x>sure  in  the 
air  for  a  given  time  enables  us  to  estimate  in  a  rough  way  the  num- 
ber of  niicr(M>rganisms  pre.sent  in  the  air  of  the  locality  where  the 
exposure  was  made  ;  and  the  variety  uf  sjjecies  is  determined  by  ex- 
amining the  se])arato  colonies.each  of  which  is,  as  a  rule,  developed 
from  a  single  gerni.  By  exposing  a  number  of  plates  at  different 
times  this  nietlmd  enables  us  to  determine  what  sjiecies  are  miwt 
abundant  in  a  given  locality  and  the  comparative  number  in  dif- 
ferent localities,  as  detennined  by  counting  the  colonies  after  ex- 
posure for  a  definite  timt — e.g.,  ten  minutes.  Of  course  we  will  only 
obtain  CA-idence  of  the  presence  of  such  aerobic  bacteria  as  will 
grow  in  our  culture  medimn.  The  amierobic  bacteria  may  be  studied 
by  placing  plates  exposed  in  a  similar  way  in  an  atmosphere  of  hyiiro- 
gen.  Bacteria  which  grow  slowly  and  only  under  special  couditions» . 
hke  the  tubercle  bacillus,  would  be  likely  to  escape  observation,  al 
the  mould  fungi  and  common  saprophytes  would  take  complete  po»*j 


•esaion  of  the  surface  of  the  culture  medium  before  the  others  had 
formed  visible  coloriiea.  Students  will  do  well  to  em.ploy  this  simple 
and  satisfactory  method  for  the  purpose  of  making  themselves  familiar 
with  the  more  common  atmospheric  ori^anisms,  and  they  will  find 
the  shallow  ghms  dishes  with  a  cover,  known  as  Petri's  dishes,  very 
convenient  for  the  purjrose.  These  dishes  should  be  sterilized  in  the 
hot-air  ovsn  and  sufficient  sterile  nutrient  gelatin  or  agar  poured 
into  them  to  cover  the  bottom.  After  the  culture  medium  has  be- 
come solid  by  cooling,  the  ex{MJ8ure  may  be  matle  by  simply  remov- 
ing the  cover  and  replacin^r  it  at  the  end  of  the  time  fixed  upon. 
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To  determine  in  a  more  exact  way  the  number  of  microorganisms 
contained  in  a  given  quantity  of  air  will  require  other  metlunls.  But 
we  may  say,  en  passant,  that  such  a  determination  is  usually  not  of 
great  scientific  importance.  The  number  is  subject  to  constant  fluc- 
tuations in  the  same  locality,  depending  upon  the  force  and  direction 
of  the  win(L  If  we  have  on  one  side  of  our  laboratory  a  dusty 
street  and  on  the  other  a  green  field,  tnore  bacteria  will  naturally  be 
found  when  the  wind  bl<JW3  from  the  direction  of  the  street  than 
wlien  it  comes  from  the  opposite  direction  ;  or,  if  the  air  is  filled  with 
dust  from  recently  sweeping  the  room,  we  may  expect  to  find  very 
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many  more  than  when  the  room  has  been  undisturbed  for  some  time. 
The  painstaking  researches  which  have  already  been  made  have  es- 
tablished in  a  general  way  the  most  important  facts  relating  to  the 
tlistribution  of  atmospheric  bacteria,  but  have  failed  to  show  any  de- 
finite relation  between  the  number  of  atmospheric  bacteria  and  the 
prevalence  of  epidemic  dise^ises.  In  the  apparatus  of  Hesse,  Fig. 
190,  a  glass  tube,  having  a  diameter  of  four  to  five  centimetres  and  a 
length  of  half  a  metre  to  a  metre,  is  employed.  In  use  this  is  sxip- 
port^  upon  a  tripod,  as  shown  in  the  figure,  and  air  is  drawn 
through  it  by  a  water  aspirator  consisting  of  two  flasks,  also  shown. 
The  upper  flask  being  filled  with  water,  this  fiows  into  the  lower 
fliisk  by  siphon  action,  and  upon  reversing  the  position  of  the  flasks 
number  one  is  again  filled.  By  repeating  tliis  operation  as  many 
times  as  desired  a  quantity  of  air  corresponding  \vith  the  amount  of 
water  passed  from  the  upper  to  the  lower  flask  is  slowly  aspirated 
through  the  horizontal  glass  tube.  The  microorganisms  present  are 
deposited  upon  nutrient  gelatin  previously  allowed  to  cool  upon  the 
lower  portion  of  the  large  glass  tuVje.  The  air  enters  through  a  small 
opening  in  a  piece  of  sheet  rubber  which  is  tied  over  the  extremity 
of  the  horizontal  tube,  and  before  the  aspiration  is  commenced  this 
opening  is  covered  by  another  piece  of  sheet  rubber  tied  over  the 
first.  Experience  shows  that  when  the  air  is  slowly  aspirat<Ml  mos^ 
of  the  germs  contained  in  it  are  deposited  near  the  end  of  the  tube 
through  which  it  enters.  The  colonies  which  develop  upon  the  nu- 
trient gelatin  show  the  number  and  character  of  living  microSrgan- 
isms  contained  in  the  measured  quantity  of  air  aspirated  throuj^h  the 
apparatus.  The  method,  with  a  soluble  filter  of  pulverized  sug^ar,  to 
be  described  hereafter,  is  preferable  when  exact  results  are  desired; 
and  for  the  purpose  of  determining  the  relative  abundance  and  the 
variety  of  microorganisms  present  in  the  atmosphere  of  a  given  lo- 
cality tho  exposure  of  nutrient  gelatin  iu  Petri's  dishes  is  far  simpler, 
and,  as  a  rule,  will  furnish  alt  the  information  that  is  of  real 
value. 

In  his  extended  researches  made  at  the  laboratory  of  Montsouri. 
in  Paris,  Miquel  hiis  used  varioiis  forms  of  apparatus  and  has  ob- 
tained interesting  results  ;  but  his  method  of  ensetiiencements  frao 
t tonnes  requires  s,gTeiit  expenditure  of  time  and  patience,  and  tfaa 
more  recent  method  with  soluble  filters  is  to  be  preferred. 

In  his  latest  raotliflcation  of  the  method  referred  to  Miquel  used  a 
flask  like  that  shown  in  Fig.  HM.  From  twenty  to  forty  cubic  cen- 
timetres of  distilled  water  are  introduced  into  this  flask.  The  cap  A 
contains  a  cotton  air  filter  and  is  fitted  to  the  neck  of  the  flask  by  a 
groimd  joint.  This  is  removed  during  the  experiment.  The  tube  C 
is  connected  with  an  aspirator.     It  contains  two  cotton  or  asbe«$tui 
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filters,  c  and  h.  The  cap  being  removed  and  the  aspirator  attached, 
the  air  is  drawn  through  the  water,  by  which  suspended  germs  are 
arrested  ;  or  if  not  thev  are  caught  bj  the  inner  cotton  plug  h.  The 
sealed  point  t>f  the  tube  B  is  now  broken  off,  and  the  contents  of  the 
flask  equally  divided  in  thirty  to  forty  tubes  containing  bouillon, 
which  are  placed  in  the  incubating  oven. 
Twouty-fivB  cubic  centimetres  of  Ixiuillon 
are  also  intrcHluced  into  the  flask,  and  the 
cotton  plug  h  is  pushed  into  it  so  that  any 
bacteria  arrested  by  it  may  develop.  If 
one-fourth  or  one-fifth  of  the  bouillon  tubes 
show  a  development  of  bacteria  it  is  in- 
ferred that  each  culture  originated  from 
a  single  gemi,  and  the  nmnl>er  present  in 
the  amomit  of  air  drawn  through  the  flask 
is  estimated  from  the  number  of  tubes  in 
■which  development  occurs. 

The  method  adopted  by  Straus  and  Wiirtz  is  more  convenient  and 
more  reliable  in  it«  results.  This  consists  in  passing  the  air  by  means 
of  an  aspirator  through  liquefied  nutrient  gelatin  or  agar.  The  ap- 
paratus shoivn  in  Fig.  Wi.  is  used  for  this  purpose.  Two  cotton 
plugs  are  placed  in  the  tube  B,  to  which  the  aspirator  is  attached, 
and  after  the  determined  quantity  of  air  has  been  passed  through  the 
liquefied  medium  the  inner  plug  is  pushed  down  \vith  a  sterilized 
platiuuni  needle  so  as  to  wash  out  in  the  culture 
medium  anj'  germs  arrested  by  it.  Finally  the 
gelatin  or  agar  is  solidified  upon  the  walls  of 
the  tube  A  by  rotating  it  ufMiu  a  block  of  ice  or 
imder  a  strefim  of  cold  water.     It  is  now  put 

f~  I      ^  j^^      aside  for  the  development  of  colonies,  which  are 
'      3  llir^  counted  to  determine  the  nimiber  of  germs  pre- 

I  I  sent  in  the  quantity  of  air  passed  through  the 

'^""  Uquefied  culture  medium.     Tlie  main  difficulty 

with  this  apparatus  is  found  in  the  fact  that  the 
nutrient  gelatin  foams  when  air  is  bubbled 
through  it  ;  for  this  reason  an  agar  medium  is 
to  be  preferred.  In  using  this  it  will  be  neces- 
saiy  to  place  the  liquefied  agiir  in  a  bath  main- 
tained at  40"  C.  Foaming  of  the  gelatin  is  pre- 
vented by  adding  a  drop  of  oUve  oil  before  ster- 
ilization in  the  steam  sterilizer.  But  this  inter- 
feres with  the  transparency  of  the  medium. 
In  the  earlier  experiments  upon  atmospheric  organisms  Pasteur 
used  a  filtc<r  of  asbestos,  which  was  subsequently  washed  out  in  a 
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culture  liquid.     A  filter  of  this  kind  washed  out  in  liquefied  gelatin 
or  nutrient  agar  would  give  more  satisfactory  results,  as  the  culture 
medium  could  be  pjured  upon  plates  or  spread  upon  the  walls  of  a 
test  tube  and  the  colonies  countud  in  the  usual  way,     Petri  prefers 
to  use  a  filter  of  sand,  which  ho  finds  by  experiment  arrests  the  mi- 
croorganisms suspended  in  the  atmosphere,  and  which  is  subsequently 
distributetl  through  the  culture  medium.     The  sjind  ustxl  is  such  as 
has  been  passed  through  a  wire  sieve  having 
openings  of  0,5  millimeti*e  in  diajueter.     This  is 
sterdized  by  heat,  and  is  supported  in  a  cyUn- 
drical  glass  tube  by  small  wire-net  baskets.    Th« 
complete  arrangement  is  shown  in   Fig,    193. 
Two  sand  filters,  c,  and  c,,  are  used,  the  lower 
one  of  which  serves  as  a  control  to  prove  that 
all  micrmirgunisms  present  in  the  air  have  been 
arrested  by  the  upper  one.     The  upper  filter  is 
protected,  until  the  aspirator  attached  to  the 
tuljo  h  is  put  in  operation,  by  a  sterile  cotton 
plug,  not  shown  in  the  figure  which  represents 
the  filter  in  use.    Petri  uses  a  hand  air  pump  as 
an  aspirator,  and  passes  one  hundretl  litres  of 
air  through  the  sand  in  from  t^j'n  to   tweutv 
minutes.     The  swuid  from  the  two  filters  is  then 
distributed  in  shallow  gla'^a  dislies  and  liquefied 
gelatin  is  iK>ure<l  over  it ;  this  is  allowed  to  sol- 
idify and  is  put  aside  for  the  development  of 
colonies.    The  principal  objection  to  this  method 
is  the  jireseuce  of  the  opwiue  particles  of  sand 
in  the  cnlture  mediuiru    This  objtH-tion  has  bnea 
overcome  by  the  use  of  soluble  filters,  a  method 
first  employed  by  Pasteur  and  since  perfecU?«l 
by  Sedgiviek  and  by  ilttjuel.     The  most  useful 
material  for  the  puriwise  appears  to  be  cano 
sugar,  which  can  bo  sttuilized  in  the  hot-air  oven 
at  150°  C,  without  undergoing  any  change  in 
its  physical  characters.     Loaf  sugar  is  pulver- 
ized in  a  inortiir  and  passed  through  two  sievfs 
in  order  to  remove  the  coarser  grains  and  the 
very  fine  powder,  lea\'ing  for  use  a  powder  having  grains  of  about 
one-half  millimetre  in    diameter.     This  powdered  sugar    is  placed 
in  a  glass  tube  provided  with  a  cap  having  a  ground  joint  and  a  cot- 
ton plug  to  serve  as  an  air  filter  (A,  Fig.  194),  or  in  a  tube  such  as  is 
shoviTi  at  B,  having  the  end  di-awn  outand  herinetically  sealed.     Two 
cotton  plugs  are  placed  at  the  lower  portion  of  the  tube,  at  a  and  at  b. 
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Glass  tubing  having  a  diameter  of  about  five  millimetres  is  used  in 
making  these  tubes,  and  from  one  to  two  gammas  of  powdered  sugar 
is  a  suitable  quantity  io  use  as  a  filter.  The  whole  apparatus  is  steril- 
ized for  an  hour  at  150°  C.  in  a  hot-air  oven  after  the  pulverized 
8ugar  has  been  introduced.  Before  using  it  will  bo  necessiiry  to 
pack  the  sugar  against  the  supporting  plug  a  by  gently  striking  the 
lower  end  of  the  tube,  held  in  a  vertical  position,  upon  some  horizon- 
tal surface ;  and  during  aspiration 
the  tube  must  remain  in  a  vertical  /\ 

position,  or  nearly  so,  in  order  that 
the  sugar  may  properly  fill  its  entire 
calibre.  The  aspirator  is  att;iched  to 
the  lower  end  of  the  tube  by  a  piece 
of  rubber  tubing.  When  the  tube  B 
is  used  the  Beale<l  extremity  in  broken 
ofif  at  the  moment  that  the  a-spirattir 
ia  set  in  action,  and  it  is  again  sealed 
in  a  flame  after  the  desired  amount 
of  air  has  been  passed  through  the 
filter.  The  next  step  consists  in  dis- 
solving t!i6  sugar  in  distilled  water 
or  in  liquefied  gelatin.  To  insure 
the  removal  of  all  t!ie  sugar  the  cot- 
ton plug  a  may  be  pushed  out  with  a 
sterilized  glass  rod,  after  remo\'ing  b 
with  forceps.  From  fifty  to  five  hun- 
dred cubic  centimetres  of  distilled 
water,  contained  in  an  Erlenmeyer 
flask  atid  carefully  sterilized,  may  Vje 
used,  the  amomit  required  depending 
upon  circumstances  relating  to  the 
conditions  of  the  exiieriment.  By 
adding  five  or  ten  cubic  centimetres 
of  this  water,  containing  the  sugar 
and  microorganisms  arreste<l  by  it, 
io  nutrient  gelatin  or  agar  liquefied  by  heat,  and  then  making  Es- 
march  ruU  tubes,  the  number  of  germs  in  the  entire  quantity  is  easily 
estimated  by  comiting  the  colonies  which  develop  in  the  roll  tubes. 

Sedgwick  and  Tucker,  in  a  communication  made  to  the  Boston 
Stx^iety  of  Arts,  January  Tith,  ISSS,  were  the  first  to  propose  the  use 
of  a  soluble  filter  of  granulated  sugar  for  collecting  atmospheric 
germs.  Their  complete  apparatus  consists  of  an  exhausted  receiver, 
fr<jm  which  a  given  (juautity  of  air  is  withdrawn  by  means  of  an  air 
pump.     A  vacuum  gauge  is  attached  to  the  receiver,  which  is  coupled 
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with  the  glass  tube  contaiuiug  the  granulat«d-sugar  filter  by  a  ; 
of  rubber  tubing.  Instead  of  transferring  the  soluble  filter  to  gela- 
tin in  test  tubes,  they  use  a  large  glass  cylinder  having  a  slender 
stem,  in  which  the  sugar  is  placet!  (Fig.  19n).  After  the  aspiration 
liquefied  gelatin  is  introduced  into  the  large  glass  cylinder,  which  is 
held  in  a  horizontal  position  ;  the  sterilized  cotton  plug  is  then  re- 
placed  in  the  mouth  of  the  cylinder,  th©  sugar  is  pushed  into  the 
liquefied  gelatin  and  dissolved,  and  by  rotating  the  cj^linder  upon  a 
block  of  ice  the  gelatin  is  spread  upon  its  walls  as  in  an  Esmarch  roll 
tube.  For  convenience  in  counting  the  colonies  lines  are  drawm  upon 
the  surface  of  the  cylinder,  dividing  it  into  squares  of  uniform  di- 
mensions. 


GENERA I^  RESULTS  OF  RESEARCHES   MADS. 

As  already  stated,  the  presence  of  bacteria  in  the  atmosphere  de- 
pends upon  their  being  wafted  by  currents  of  air  from  surfaces  where  > 
they  are  present  in  a  desiccated  condition.     That  they  are  not  carried' 
away  from  moist  surfaces  is  shown  by  the  fact  that  expired  air  from 
the  human  lungs  does  not  contain  microorganisms,  although  the  in- 
spired air  may  have  contained  considerable  numbers,  and  there  ar»j 
always  a  vitAt  number  prt'sent  in  the  stiUvsiry  secretions.     The  moisfej 
:imcous  membrane  of  the  respiratory  passages  constitutes  a  germ 
trap  which  is  much  more  efficient  than  the  glass  slide  smeared  with 
glycerin  used  in  some  of  the  aeroscoj^es  heretofore  describe*!,  for  it 
is  a  far  more  extended  surface.     As  a  matter  of  fact,  most  of  the  sus- 
pended particles  in  inspired  air  are  deposited  before  the  current  of 
air  jiasses  throiigh  the  larynx. 

Air  which  passes  over  large  bodies  of  water  is  also  purified  of  its 
germs  and  other  suspended  particles.     The  researches  of  Fischer 
show  that  at  a  cimwiderable  distance  from  the  land  no  germs  ar* ' 
found  in  the  atmosphere  over  the  ocean,  and  tliat  it  is  only  upon  ap-^ 
proHching  land  that  their  presence  is  manifested  by  the  development 
of  colonies  upon  properly  exposed  gelatin  plates. 

Uffelmaim  found,  in  his  researches,  that  in  the  open  fields  the 
nmnlier  nf  living  germs  in  a  culnc  metre  of  air  averaged  t%vo  himdred 
and  fifty,  on  the  sea  coast  the  average  was  one  hundred,  in  the  court- 
yard of. the  University  of  Rostock  four  hundred  and  fifty.  The  imm- 
bor  was  materially  reduced  after  a  rainfall  and  increased  when  » 
dry  laud  wind  prevailed. 

Frankland  found  that  fewer  germs  were  present  in  the  air  in 
winter  than  in  summer,  and  that  when  the  earth  was  covered  with 
snow  the  number  was  greatly  reduced,  as  also  during  a  light  fall  of 
snow  ;  the  air  of  towns  was  found  to  be  more  rich  in  germa  than  th« ' 


air  uf  the  country  ;  the  lower  strata  of  tlie  atmosphere  contained               ^^M 
more  than  the  air  of  elevated  Icx-alities.                                                                        ^^M 

Von  Frendotireich  also  found  that  the  air  of  the  country  contained               ^H 
fewer  germs  than  that  of  the  city.     Thus  in  the  city  of  Berne  a  cuhic                ^H 
metre  of  air  often  containeil  as  many  aa  two  thousand  four  hundred               ^^H 
germs,  while  the  maximum  in  country  air  was  three  hundred.    His  re-               ^H 
suits  corresponded  with  those  of  Miquel  in  shoAving  that  the  number                ^^M 
of  atmowplieric  organisms  is  greater  in  the  morning  and  the  evening,                ^H 
between  the  hours  of  (i  and  8.  than  during  the  rest  of  the  day.     Neu-                ^H 
mann,  whose  researches  were  made  in  the  Moabite  Hospital,  found                ^H 
the  greatest  numljer  of  bacteria  in  the  air  in  the  morning  after  the                ^H 
patients  able  to  sit  up  had  left  their  l)e<ls  and  the  Avards  had  l>eeii                ^^| 
swept.     The  munber  of  germs  was  then  from  eighty  to  one  hundred               ^^^ 
and  forty  in  ten  litres  of  air,  while  in  the  evening  the  number  fell  to               ^^M 
four  to  ten  germs  in  ten  litres.                                                                                        ^^| 

Miquel  has  given  the  following  summary  of  results  obtained  in                ^^| 
his  extended  exj>t'riments,  matle  in  Paris  during  the  years  1S81,  1883,                ^H 
and  imi  :                                                                                                                          ^M 

Average  for  1880 

"        "    1H81.. ...... 

Number  of  Oerma  inn  Cubio  Metre  of  Air.                          ^^H 

Atr  of  Imhontary, 
HontsourL 

AlrofPu-k.Hont                          ^^M 

215 
5rj0 

"   1882 

Rue  de  Rivoli,  average  for  one  year,  750  ;  summit  of  Pantheon,  28  ;               ^H 
Hotel-Dieu,  1880,  aA-erage  for  four  months,  male  ward  6,300,  female               ^H 
ward  5.120  ;  La  Piete  HoajiitHl.  average  of  fifteen  months.  11,100.                ^H 

It  must  be  rememliered  that  the  figures  given  relate  bt)th  to  bac-                ^^M 
teria  and  to  the  spores  of  mould  fungi,  and  that  the  latter  are  com-                ^H 
monly  the  most  numerous  wlien  the  e.xperiment  is  made  in  the  open                ^H 
air,     Petri  has  shown  that  when  gelatin  plates  are  exposed  in  the  air               ^H 
the  relative  number  of  s[j<ires  of  mould  fungi  dejwsited  ujwn  them  is               ^^M 
less  than  is  obtained  in  aspiration  exj>eriments.                                                        ^^| 

The  nunil>er  (^f  colonies  which  develop  on  exposed  plates  does  not               ^H 
represent  the  full  number  of  bacteria  ileiiosited,  for  these   colonies               ^^M 
verj'  frequently  have  their  origin  in  a  dust  particle  to  which  several               ^^M 
bacteria  are  attached,  or  in  a  little  mass  of  organic  material  contain-                ^H 
ing  a  considerable  numlwr.                                                                                              ^H 

It  is  generally  conceded  that  sea  air  and  country  air  are  more               ^^| 
wholesome  than  the  air  i>f  cities,  and  especially  of  crowded  apart-               ^^| 
ments,  in  wliich  the  nninber  of  bacteria  has  been  shown  to  be  very               ^^M 
much  greater.     But  it  would  l>e  a  mistake  to  ascrilie  the  sanitary               ^^M 
value  of  sea,  country-,  and  mountain  air  to  the  relatively  small  num-               ^^M 
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ber  of  bacteria  present  in  such  air.     There  are  other  important  fac- 
tors to  be  considered,  and  we  have  no  satisfactory  evidence  that  the 
number  of  saprophytic  bacteria  present  in  the  air  has  an  imi»ortiuit 
bearing  npon  the  health  of  those  who  respire  it.     Wo  do  know  tliat 
the  confined  air  of  crowded  apartments,  and  especially  of  fiictoriesj 
in  which  a  large  quantity  of  dust  is  suspended  in  the  air,  preilispjse*] 
those  brei^ithing  such  air  to  ]>uImonary  diseases  and  lowers  the  gf  n-l 
eral  standard  of  health.     But  it  has  not  been  proved  that  this  is  due 
to  the  presence  of  bacteria.     Infectious  diseases  may,  under  certain 
circumstances,  be  coinninnicated  by  way  of  the  respiratory  passages 
as  a  result  of  breathing  air  containing  in  suspension  pathogenic  bac-j 
teria  ;   but  there  is  reason  to  believe  that  this  occurs  less  fre<iuentl3 
than  is  generally  supposed. 

Kriiger  has  shown  thnt  the  dust  of  a  hospital  ward  in  which  pa- 
tients with  pulmtjuiiry  consumption  expectorated  occasionally  ujKin 
the  fl(K)r  contained  tubercle  bacilli.  This  was  proved  by  ■wiping  up 
the  dust  on  a  sterilized  sjwnge,  washing  this  out  in  bouillon,  and  in- 
jecting this  into  the  ca\'1ty  of  the  abdomen  of  guinea-pigs.  T^vo 
animals  out  of  sixteen  injected  became  tuberculous.  In  pulmonic 
anthrax,  which  occiisionally  occurs  in  persons  engaged  in  sorting: 
wool — "wool-sorters'  disease" — infection  occurs  as  a  result  of  the 
respiration  of  air  containing  the  spores  of  the  anthrax  bacillus. 

Among  the  non-pathogenic  saprophj'tea  found  in  the  air  certain 
aerobic  micrococci  appear  to  be  the  most  abundant,  and,  as  a  rule, 
bacilli  are  not  found  in  great  numbers  or  variety.  In  some  localities 
various  species  of  sarcinie  are  especially  abundant.  The  following 
is  a  partial  list  of  the  sjiecies  which  have  been  shown  by  the  researches 
of  various  bacteriologists  tf>  be  occasionally  present  in  the  air.  But. 
as  heretofore  remarked,  their  presence  is  to  be  regarded  as  acci- 
dental, and  so  far  as  we  know  there  is  no  bacterial  flora  properly  be- 
longing to  the  atmosphere : 

Micn>cin?riis  iireae  (Psisteur),  Diplococcus  rosexis  (Bumm),  Diplc 
citi-eus  consrloineratus  (Biitnm).  Miprtx'octnis  radiiUns  (FliigTETCl.  MicrococcufI 
flavus  desidens  (Kliijrjjo).  Mii-nxioccus  llavus  liqiiefaciens  (Fliig^e),  Micro-I 
eoccustetra^nus  versatilis  (Sternbeiriif),  Micrococcus  pyogenes  aureus  (Ros«>n-l 
bacJi),  Micrococcus  pyofjenes  cilreus  (Passet),  Micrococcus  cinnabarrusj 
(Fh'ig^),  Micpococcus  flavus  tardi^radus  (FluprK*"),  Micrococcus  vcrskolorl 
(Fliigge),  Micrococcus  viticulosus  <Katz},  Micrococcus  eandidans  (Flug>fe),[ 
Pedim^occua  cerevisi.'e  fBalcke),  S.in'iua  ItUea  (Sclirrtter),  Sarcina  rue«AJ 
(ScliKiterJ,  Saroina  auraiitiac^i,  SattMua  alba.  Sarcina  Candida  (Reink*-).] 
Bacillus  tuinesceiis  (Zopf),  BjumHus  subtilis  (EhrfnbprjrV  Bacillus  multi|>t<li* 
culosus  (Fliieffe),  Bauillus  incswiUerieus  fuscus  (Fliisrc^),  Bacillus  mesenleri-| 
cus  ruber  (Globip).  Bacillus  inflatus  f  A.  Ktich>,  Bacillus  raesentoricus  vul*| 
iratus.  Bacillus  ppodijriosiis,  Bjicillus  aerophilus  fLibtirius),  Bacillus  pestifepj 
(Frankland). Spirillum  aui-eum  (WeibeU,  .Spirtilum  flav<»scens  (Weibel),  Spi- 
rillum flavum  (Weibel),  B;u-itlu3  Havaniensis  {Sternberg). 

In  the  researches  of  Welz,  made  in  the  vicinity  of  Frelburjf,  twentr- 
three  different  microoocci  and  twenty-two  baciUi  were  obtained  frnm  tJfie 
air. 
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ADDITIONAL  NOTE8  UPON  BACTERIA  IN  THE  AIR. 

Buete  and  Enoch  (1895)  have  examined  the  air  of  closed  schooli'ooms 
'with  the  following  results.  Eighteen  different  species  were  obtained,  only 
one  of  which  proved  to  be  pathogenic  for  mice,  guinea-pigs,  and  rabbits.  The 
number  of  bacteria  per  cubic  metre  varied  from  1,500  to  3,000,000,  the  aver- 
age being  about  268,000.  The  observations  were  made  during  the  winter 
months. 

Harpmann  (1893),  in  his  examination  of  dust  collected  in  the  streets  of  Leip- 
xig  for  tubercle  bacilli,  obtained  positive  results  from  a  considerable  pro- 
portion of  the  specimens  examined.  Evidently  these  bacilli  in  dust  from  the 
streets  are  liable  to  be  blown  into  the  air  and  deposited  upon  the  mucous 
membrane  of  the  respiratory  passages  of  those  breathing  this  air.  Christiani 
(1893)  has  shown  that,  as  a  rule,  no  bacteria  are  present  in  the  air  at  an  alti- 
tude of  one  thousand  metres  or  more  above  the  soil  (air  collected  during 
balloon  ascensions). 

Dyar  (1895)  has  made  a  careful  studv  of  the  microorganisms  found  in  the 
air  in  the  city  of  New  York.  He  has  described  numerous  species  of  micro- 
cocci and  bacilli  found  chiefly  in  the  air  of  the  hallway  of  the  College  of 
Physicians  and  Surgeons.  Some  of  these  are  new  and  some  have  heen 
identified  as  previously  described  species. 


BACTERIA  IN  WATER. 

The  water  of  the  ocean,  of  lakes,  ponds,  and  running  streams 
necessarily  contains  bacteria,  as  they  are  constantly  being  carried 
into  it  by  currents  of  air  piissing  over  the  neighboring  land  surfaces, 
and  by  rain  water  which  washes  suspended  microorganisms  from 
the  atmosphere  ;  and.  as  such  water  contains  more  or  less  organic 
material  in  solution,  many  of  the  saprophytic  bacteria  multiply  in  it 
abundantly.  It  is  only  in  the  water  of  springs  and  wells  which 
conies  from  the  deejwr  strata  of  the  soil  that  they  are  absent.  The 
number  and  variety  of  species  present  in  water  from  any  given 
source  will  depend  tipon  conditions  relating  to  the  amount  of  organic 
pabulum,  the  temiMsrature,  the  depth  of  the  water,  the  fact  of  its 
being  in  motion  or  at  rest,  its  pollution  from  various  sources,  etc 
The  comparatively  pure  water  of  lakes  and  running  streams  contains 
a  considerable  numSxr  of  bacteria  which  find  their  normal  habitat 
in  such  waters  and  which  multiply  abundantly  in  them,  notv^ith- 
standing  the  small  quantity  of  organic  matter  and  salts  which  they 
contain.  The  water  of  stagnant,  shallow  pools,  and  of  sluggish 
stri'ams  into  which  sewage  is  discharged,  contains  a  far  greater 
number  and  a  greater  variety  of  species. 

The  study  of  these  bacteria  in  water  has  received  much  attention 
on  account  of  the  sanitary  questions  involved,  relating  to  the  use  of 
water  from  various  sources  for  drinking  purposes.  In  the  present 
section  wo  shall  first  give  an  accmmt  of  the  methods  of  l)acteriokigi- 
cal  water  analysis,  and  then  a  condensed  statement  of  results  ob- 
tained in  the  very  numerous  investigations  which  have  been  made. 

A  vnry  iiiijiortant  point  tu  be  kej)t  in  view  is  the  fact  that  a  great 
incn-aso  in  the  number  of  bacteria  present,  in  samples  ^>f  water  cul- 
It'cted  for  investigation,  is  likely  to  occur  if  these  samples  are  kept 
fr>r  some  time.  A  water  which,  for  example,  contains  only  two 
hundred  to  three  hundred  bacteria  |)er  cubic  centimetre  when  the  ex- 
amination is  made  at  once,  may  contain  seveml  thousand  at  the  end 
of  twenty-four  hours,  and  at  the  end  of  the  second  or  tlxird  day 
twenty  thousand  or  more  may  be  present  in  the  same  quantity. 


BACTERIA   IN   WATER, 


637 


I 

I 


I 

I 
I 


Later,  on  account  of  the  exhaustion  of  organic  pabulum,  the  num- 
ber is  again  reduced  as  the  bacteria  present  grrulually  lose  their 
vitality.  Umler  these  circumstances  it  is  evident  that  an  estimate  of 
the  number  of  biicteria  present  in  water  from  a  given  source  can 
have  no  value,  unless  a  sample  is  tested  by  bacteriological  metho<ls 
within  a  short  time  after  it  has  been  collected.  Not  more  than  an 
hour  or  two  should  be  allowed  to  elapse,  especially  in  warm  weather. 
By  placing  the  water  upon  ice  the  time  may  be  extended  somewhat, 
but  Wolflfhiigel  has  shown  that  the  number  of  germs  is  gradually 
diminished  when  water  is  preserved  in  this  way,  and  it  will  bo  safest 
to  make  an  immediate  examination  when  this  is  prjicticable. 

The  collection  may  bo  mmle  in  a  sterilized  Erlenmoyer  flask  pro- 
vided with  a  cotton  air  filter,  or  in  a  battle  having  a  ground-glass 
stopper  which  has  been  wrapped  in  tissue  paj.)er  and  sterilized  for  an 
hour  or  more  at  150°  C.  in  the  hot-air  oven.  Or  the  small  fliisks  with 
a  long  neck  may  be  used,  as  first  recommended  by  Pasteur.  These 
are  prepared  as  follows  :  The  bidb  is  first  gently  heated,  and  the  ex- 
tremity of  the  tube  dipped  into  distilled  water,  which  mounts  into 


Fia.  IM. 

the  bulb  as  it  ctwls ;  the  water  is  then  made  to  boil,  and  when  al] 
but  a  drop  or  two  htus  escaped  and  the  bulb  is  filled  \nth  steam  the 
extremity  of  the  tube  is  hermetically  sealed.  When  the  steam  has 
condensed  by  the  ccxtling  of  the  bulb  a  partial  vacuum  is  formed, 
and  the  tulje  is  reaijy  for  u.se  at  anj'  time.  It  is  filled  with  water  by 
breaking  off  the  sealed  extremity  imder  the  -surface  of  the  water  of 
which  a  sample  is  desired.  This  is  done  with  sterilized  forceps,  and 
care  must  be  taken  that  the  exterior  of  the  tube  is  properly  sterilized 
before  the  collection  is  made.  The  end  is  immediately  sealed  in  the 
flame  of  a  lamp.  A  difficulty  with  these  vacuum  tulles  is  that  they 
are  so  completely  filled  ■with  water  that  this  cannot  be  readily  drawn 
from  them  again  in  small  quantities.  The  writer  therefore  pr^jfers 
to  make  the  collection  in  a  tul»e  shaped  as  shown  in  Fig.  190,  in  which 
a  partial  vacuum  is  formed  just  before  the  collection  by  heating  the 
air  in  the  bulb.  The  water  mounts  into  the  tube  as  the  air  in  the 
bulb  cools,  and  is  rearlily  forced  out  again  for  making  cultures  by 
applying  gentle  heat  to  the  bulb.  As  a  lamp  is  needed  to  seal  the  end 
of  the  tube  in  either  cjise,  there  is  no  8j>ecial  advanttige  in  having  a 
vacuiim  formed  in  advance,  and,  as  stated,  the  vacuum  tubes  are  so 
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nearly  filled  with  water  that  it  is  not  so  simple  a  matter  to  obtain  the 
contents  for  our  ciilture  experiments  without  undue  exposure  to  at- 
mospheric germs.  In  practice  small  glass  bottles  with  ground-glass 
stoppers  will  be  found  most  convenient,  and,  when  properly  steril- 
ized, are  unobjectionable.  They  should  bo  filled  at  a  little  distance 
below  the  surface,  as  there  is  often  a  deposit  of  dust  ujion  the  surface 

of  standing  water,  and  sometimos  a 
doUcate  film  made  up  of  aerobic 
teria.     When  water  is  to  bo  obtained  ' 
from  a  pump  or  a  hydrant  it  should 
be  allowed  to  flow  for  some  time  befor 
the   collection  is  made.     To  collect" 
water  at  various  depths  the  apparatus 
shuwu  in  Fig.  107  is  recommended  bj". 
Lepsius.    An  iron  frame  supports  an 
inverted  flask,  A,  filled  •»vith  sterilized 
mercury  and  containing  about 
hundred  cubic  centimetres.    The  1 
B  is  intended  to  receive  the  mercury 
when,  at  the  desired  depth,  it  is  al- 
lowed to  flow  through  the  capillary* 
tul)e  h.    This  is  sealed  at  the  extremity 
and  l>ent  as  .shown  in  the  figure.    By 
pulling  u]K)n  the  cord  c  this  tube  is 
bn  (ken.  and  a.s  the  mercury  flows  fromi 
the  fla.sk    this  is   filled  with  water' 
through  the  tube  a.    The  extremity 
of  the  broken  tube  h  is  closed  by  the 
mercurj'  in  the  fla^k  B  when  A  is  full 
of  water,  and  the  apparatus  can  be 
brought  to  the  surface  with  only  such. 
water  as  whs  collected  at  the  depthi 
from  which  a  sample  was  desired. 

The  Imrtcrinlntjirnl  analysis  is 
made  by  aildiug  a  definite  quantity 
of  the  water  under  investigation  to 
liquefied  gelatin  or  agar-gelatin,  and 
making  a  plate  or  Esmarch  roll  tube,  which  is  put  aside  for  the  deveU 
opment  of  colonies.  ]Mi(iuel  and  otliers  have  preferred  to  use  Uquid 
cultures  and  the  method  of  fractional  cultivation  described  in  the 
previous  section.  The  use  of  a  solid  culture  medium  has,  however, 
such  ob\'iou8  advantages  tliat  Ave  do  not  consider  it  necessary  to  do , 
more  than  refer  to  the  other  methwl  as  one  which,  when  applied! 
with  skill  and  patience,  may  give  sufficit^ntly  accurate  results. 
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The  amount  of  water  which  should  I>e  added  to  the  usual  quan- 
tity of  liquefied  flesh-peptone-gelatin  in  a  test  tube,  in  order  that  the 
colonies  which  develop  may  be  well  separatf-d  from  each  other  and 
easily  counted,  can  only  l>e  detennined  by  experiment.  If  the  water 
is  from  an  impure  source  a  single  drop  may  be  too  much,  and  it  will 
be  necessary  to  dilute  it  with  distilled  water  recently  sterilized.  But 
for  ordinar)'  potjible  water  it  will  usually  be  best,  in  a  first  experi- 
ment, t<}  make  two  trials,  one  ^vith  one  cubic  centimetre  and  one 
with  one-half  cubio  centimetre  added  to  the  liquefied  nutrient  gelatin. 
The  water  in  the  collecting  bottle  should  be  shaken,  to  distribute  the 
bacteria  whicli  may  have  settled  to  the  bottom,  before  drawing  oflf  by 
means  of  a  sterilized  pijrotte  the  amount  used  for  the  experiment,  and 
the  germs  present  in  it  are  to  be  distributed  through  the  liquefied 
gelatin  by  gently  raftv-iu'j  the  tulie  to  and  fro. 

Koch's  method  of  preparing  a  gelatin  plate  is  illustrated  in  Fig. 
1'J8.    a  glass  dish,  containing  ice  water  and  covered  with  a  large 


I  plate  of  glass,  is  supported  up^m  a  levelling  triix)d.  By  means  of  a 
f  spirit  level  this  is  adjustotl  to  a  horizontal  positi«)n,  so  that  when  the 
liquefied  gelatin  is  jwured  upon  the  smaller  sterilized  glass  plate,  seen 
in  the  centre  of  tho  large  plate  of  glass,  it  will  not  flow,  but  may  bo 
evenly  distributed  over  tho  surface  by  means  of  a  sterilized  gbiss  rod. 
The  glass  cover  resting  jigainst  the  si<le  of  tho  apparatus  is  placed 
over  the  gelatin  plat©  while  it  is  cooling,  to  jjrotect  it  from  atmo- 
spheric germs,  and  when  the  gelatin  is  hard  the  plata  is  transferred 
to  a  shallow  ghiss  disii,  which  is  kept  at  a  temjieraturQ  of  about 
20°  C  for  several  days  for  the  development  of  colonies.  It  is  diificult 
to  count  colonies  when  more  than  five  thousand  develop  upon  a  plate 
of  the  usual  size,  and  for  this  reason  it  will  be  Itest  to  repeat  the  ex- 
periment with  a  smaller  quantity  of  water  from  the  same  source,  if 
this  is  at  hand,  rather  than  to  attempt  to  crjunt  an  overcrowded 
plate.  Before  iwuring  the  gelatin  upon  the  plate  tho  lip  of  the  test 
tube  contaimng  it  should  be  sterilized  by  passing  it  through  a  flame^ 
The  liquefied  gelatin  should  be  carefully  distributed  to  cover  a  rect- 
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angular  surface  and  leaving  a  margin  of  about  one  centimetre  around 
the  eilge  of  the  plate.  The  Koch's  dish  in  which  the  gelatin  plate  is 
placed  for  the  development  of  colonies  should  be  carefully  sterilized 
by  heat  or  by  washing  it  out  with  a  sublimate  solution.  A  circular 
piece  of  filtering  paper,  saturated  with  sublimate  solution  or  distilled 
water,  is  placed  at  the  bottom  of  the  lower  dish  to  keep  the  air  in  a 
moist  condition  and  prevent  drying  of  the  gelatin.  Usually  two  or 
three  plates  matle  at  the  same  time  are  placed  one  above  the  other  on 
glass  supports  made  for  this  purpose.  If  many  liquefpng  organisms 
are  present  it  will  be  necessary  to  count  the  colonies  before  these  run 
together — usually  on  the  second  day  ;  but  in  the  al>sence  of  liquefy- 
ing colonies  it  is  best  to  wait  until  the  third,  or  even  the  fifth  day,  as 
the  number  of  visible  colonies  and  the  ease  of  counting  them  will  be 
greater  than  at  an  earlier  dato.  The  development  of  a  few  scattered 
liquefying  colonies  which  threaten  to  spoil  the  plate  may  be  arrested 
by  taking  up  the  liquefied  gelatin  from  each  with  a  bit  of  filtering 
paper,  and  then,  by  means  of  a  camel's-hair  brush,  appljang  a  solu- 
tion of  potassium  permanganate  to  the  margin  of  the  colony.  The 
growth  of  colonies  of  mould  fungi,  which  have  developed  from  spores 
from  the  atmosphere  falling  upon  the  plate  while  it  is  exjx)sed,  can 
be  checkei.1  by  the  application  of  collodion  containing  bichloride  of 
mercury. 

Counting  of  the  colonies  is  a  simple  matter  when  they  are  few 
in  number ;  when  they  are  numerous  it  is  customary  to  place  the 
plate  over  a  dark  bjickground,  and  to  phice  above  it  a  glass  plate 
divided  into  square  centimetres  by  lines  ruled  with  a  diamond.  By 
means  of  a  lens  of  low  power  the  colonies  in  a  certain  number  of 
squares  are  counted  and  the  average  taken.  This  multiplied  by  the 
number  of  square  centimetres  in  the  golatin-covered  surface  give* 
approximately  the  entire  number  of  colonies  which  have  developed 
from  the  amount  of  water  used  in  the  experiment. 

Instead  of  using  Koch's  original  plate  method,  as  above  described, 
the  shallow,  covered  glass  dishes  recommended  by  Petri  may  ba 
employed.  These  are  f  i-om  one  to  one  and  one-half  centimetres  high 
and  from  ten  to  fifteen  centimetres  in  diameter.  The  liquefied  gel- 
atin is  jKiured  into  the  lower  dish  and  the  cover  at  once  placed  over 
it.  The  gelatin  does  not  dry  out  very  soon,  but,  if  necessary,  several 
of  these  Petri's  dishes  may  be  placed  in  a  larger  jar,  which  servos  as 
a  moist  chamber. 

The  roll  tubes  of  Esmarch  may  also  be  used,  and  have  the  ad- 
vantage tliat  accidental  colonies  from  air-borne  germs  are  excluded. 
The  counting  of  colonies  is  not  quite  as  easy,  but  by  the  use  of  a 
mounted  lens  especially  designed  for  the  purpose  it  is  attended  vrith 
no  great  difficulty.     The  surface  of  the  tube  is  divided  into  squares 
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by  colored  lines,  and  the  number  of  colonies  in  several  s»]uare8  is 
counted  iu  order  to  obtain  an  average  and  estimate  the  entire 
numlier. 

Water  which  contains  numerous  liquefying  bacteria  had  better 
be  examined  by  the  use  of  nutrient  agar  instead  of  gelatin ;  and  in 
very  warm  weatlier  it  will  be  necessary  to  use  an  agar  medium,  as 
ten-per-ceut  gelatin  is  likely  to  melt  if  the  temperature  go^a  above 
32°  C  A  difficulty  in  the  use  of  agar  for  plates  consists  in  the  lia- 
bility of  the  film  to  slip  from  the  glass.  This  may  Imj  remedied  U> 
some  extent  bj'  adding  a  few  drops  of  a  concentrated  solution  of  gum 
acacia  to  the  liquofiod  agar  medium.  Petri's  dishes  are  well  a<lapted 
for  the  use  of  the  agar  medium,  as  the  objection  referred  t-o  does  not 
apply  to  them.  The  gelatin-agar  medium,  contiuning  5  {>er  cent 
of  gelatin  and  0.75  per  cent  of  agar,  may  also  be  used  with  advan- 
tage in  the  bacteriological  analysis  of  water.  Much  stress  was  at 
one  time  laid  upon  the  enumeration  of  liquefying  colonies.  u{)Oii 
the  supposition  that  the  liqiie/ying  bacteria  were  especially  hannful 
as  compared  with  the  non-liquefying,  and  that  a  water  containing 
many  liquefying  colonies  was  to  be  looked  upon  with  suspicion.  We 
now  know,  however,  that  there  are  miiny  common  and  harml&ss 
saprophytes  which  cause  the  liquefaction  of  gelatin,  and  that  some 
of  the  most  dangerous  pathogenic  bacteria  do  not  litjuefy  gelatin. 
This  distinction  has  therefore  no  special  value,  and  the  question  for 
bacteriologists  to-<lay  is  not  how  large  is  the  comparative  number  of 
liquefying  colonies,  but  what  species  aye  represented  by  the  colonies 
present,  liquefj'ing  and  non-liquefjnng,  and  what  are  the  special 
pathogenic  properties  of  eiich.  The  answer  to  these  questions,  in 
the  case  of  any  i>articular  water  supply,  calls  for  special  knowle<lge 
and  great  patience  and  care  in  the  isolation  in  pure  cultures,  and 
careful  study  of  the  various  species  present. 

It  is  now  generally  recognized  that  a  mere  enumeration  of  the 
number  of  colonies  which  develop  from  a  water  under  investigation 
ia  not  a  sufficient  indication  upon  which  to  found  an  opinion  as  to  its 
p^'stability.  An  excessive  number  of  bjicteria  is  an  indication  that 
the  water  contains  a  large  amount  of  the  organic  material  which 
serves  as  pabulum  for  these  microorganisms.  But  the  chemists  are 
able  to  determtiio  the  amount  of  organic  matter  present  in  water 
with  greater  precision  ;  and,  as  we  have  seen,  the  number  of  bactoria 
may  increase  many-fold  in  water  which  is  kept  standing  in  the  labo- 
ratory for  two  or  three  days  in  a  well-corked  bottle.  As  a  matter  of 
fact,  the  enumeration  of  bacteria  in  water,  although  it  has  given  us 
results  of  scientific  interest,  has  not  materially  added  to  the  methods 
previously  applied  for  estimating  the  sanitary  value  of  water  ob- 
tained from  various  sources  for  drinking  purposes.     But  the  bact»- 
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riological  examination  maj'  prove  to  be  of  great  value  if  it  succeeds 
in  demonstrating  the  presence  of  certain  pathogenic  bacteria  and  in 
thus  preventing  the  use  of  a  dangerous  water.  We  do  not  mean  to 
say,  however,  that  an  eTivuneration  of  the  bficteria  present  in  drink- 
ing water  has  no  pnu'tical  value.  An  excessive  number  indicates) 
excessive  amoinit  of  organic  pabulum,  which  may  have  come  from" 
a  dangerous  source;  and  the  dangerous  pathogenic  bacteria  are  not 
only  more  likely  to  bo  present  in  such  water,  but  they  can  men? 
readily  multiply  in  it,  while  in  a  pure  water  they  would  fail  to  in- 
crease in  number,  and,  as  has  been  shown  by  experiment,  would  ilie 
out  within  a  sshort  time. 

The  numbiT  of  bacteria  present  in  raiu  water,  or  in  snow  which 
has  recently  fallen,  varies  greatly  at  different  times.  Naturally  the 
number  is  gi-eater  when  the  surftu'e  of  the  earth  is  drj'  and  the  at- 
mosphere luaded  with  dust  by  currents  of  wind  passing  over  it,  and 
less  when  the  surface  is  moist  and  the  atmosphere  has  been  purifir'<l 
by  recent  rains. 

In  snow  from  the  surface  of  a  glacier  in  Norway,  Schmelck  found 
two  bacteria  and  two  spores  of  mould  fungi  jM^r  cubic  centimetre  of 
water  from  the  melted  snow.  Gatiowski,  in  exi>eriments  made  with 
freshly  fallen  snow  collected  in  the  vicinity  of  Kiew,  obtained  the  fol- 
lowing results:  February  2d,  ISSS  :  tempeniture  of  the  air,  7."2'C.: 
snowfall,  0, 1  millimetre ;  number  of  bacteria  in  1  cubic  centimetro 
of  water  from  melted  snow,  34  in  one  sample  and  38  in  another. 
February  20th,  1888:  temjieraturG,  11.1°  C.  ;  snowfall,  1.1  milli- 
metres ;  numlwr  of  biicteria  in  one  sfimple,  20:1,  in  another  384. 

Miquel  obtained  from  rain  water  collected  at  Montsouri  during  a 
rainy  season  4.3  gorms  per  cubic  centimetre  ;  in  raiu  water  collect 
in  the  centre  of  the  city  of  Paris,  1!>  pi.-r  cubic  centimetre. 

Hailhim  also  been  sliowu  to  contain  bacteria  iu considerable  Di 
bers-      Bujwid  found  iu  liaiUtones  wliich  fell  at  Warsaw  21,000i 
bacteria  in  I  cul)ic  centimetre  ;  but  this  is  exceptional,  and  is  suppuecdl 
to  bo  duo  t<}  the  ffict  that  surf.-iro  water  liad  been  carried  into  the  airl 
by  the  storm  and  frozen.      Foutin  examined  hail  which  fell  in  Su 
Petersbui-g,  and  obtained  an  average  of  739  bacteria  per  cubic  centi- 
metre of  water  from  the  melted  hail. 

River  irctfer  has  been  carefidly  exiunined  by  numerous  bacterio- 
logists in  various  localities  and  at  different  seasons  of  the  year.  W© 
give  below  some  of  the  results  reix)i'te<l : 

Water  of  the  Seine  at  Ciioisy,  before  reaching  Paris,  300  ;  at 
Bercy,  1,200 ;  at  Saint-Denis,  after  receiving  the  sewer  water  from 
the  city,  200,000  germs  per  cubic  centimetre  (Miquel). 

Wafcar  of  tho  Spree  beyond  Kopenick,  83,000  ;  two  hundred  stepA^ 
below  the  mouth  of  the  Wuhle,  118,000  ;  iu  Berlin  above  tho  month 
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f  the  Panke,   i)40,0()0  ;  bolow  the  mouth  of  the  Paiike,   1,800,UUO 
(Koeh). 

Water  of  the  Main  above  the  city  of  "Wiirzbiirg,  in  the  month  of 
February,  520  ;  below  the  city,  15,5(X)  (Rosenberg). 

Water  of  the  Potomac,  at  Wasloington,  iu  1886  :  January,  3,774 ; 
February,  3,53(> ;  March,  1,210;  April,  1,521;  May,  1,0(;4 ;  June, 
348  ;  Jul3',  255  ;  August,  254  ;  September,  178 ;  October,  75  ;  No- 
vember, lir.  ;  December,  967  (Theobald  Smith). 

The  Thames,  in  the  autumn  of  1885,  in  the  %ncinity  of  London 
Bridge  two  hours  after  high  water,  contained  45,(Km3  germs  j^>er  cubic 
centimetre ;  the  water  of  the  Lea  at  Lea  Bridge,  4,200,000  (Bisch- 
oflF). 

The  Neva  inside  the  city  of  St.  Petersburg,  in  September,  1883, 
con taineil  1,500  in  one  sample  and  1,040  in  another;  in  November 
(30th),  fJ.5O0  (Poehl). 

The  water  of  the  Oder,  collected  within  the  limits  of  the  city  of 
Stettin,  was  fuund  by  Link  to  contain  from  5.240  to  15,0(10  bacteria 
per  cubic  centimetre  ;  that  of  the  Limmat,  at  Zurich,  ;i4i>  in  one 
specimen  and  508  in  another  (Cramer). 

L(tke  tvitffif,  as  a  rule,  contains  fewer  bacteria  than  river  water. 

Wolffhiigel,  in  researches  extending  from  July,  1884,  to  July, 
1885,  obtained  hoin  the  water  of  the  Tegeler  Lake  an  average  of  3!>6 
bacteria  jier  cubic  centimetre.  Cramer  obtained  an  average  of  1(38 
per  cubic  centimetre  during  the  months  of  Octolxr,  Deceml>3r.  and 
January,  1884,  from  the  water  of  Lake  Zurich  ;  in  June  of  the  same 
year  the  average  oi  A2  examinations  gave  71  per  culjic  centimetre. 
In  Lake  Geneva,  Fol  and  Dunant  obtained  from  water  collected  some 
di.stance  from  the  shore  an  average  of  38  bacteria  per  cubic  centi- 
metre. 

Ice  which  is  usually  collected  from  lakes  and  rivera  contains  a 
greater  or  less  number  of  bacteria,  accoreling  to  the  depth  and  jnirity 
of  the  water.  Tlie  ice  used  in  Berlin,  collected  from  ti\e  surface  of 
lakes  and  rivers  in  the  vicinity  of  the  city,  contains  from  a  few  hun- 
dred to  25,0<10  bacteria  to  the  cubic  centimetre  (Friinkel).  In  the  ex- 
jieriments  of  Heyroth  samples  of  ire  from  the  same  source  gave  les-s 
than  lOO  jwr  cubic  centimetre  in  tliree,  from  100  to  500  in  eight,  from 
5(W  to  1.0<K>  in  six,  from  1,000  to  5,0(W  in  seven,  and  14,400  in  one. 

Prudden  obtJiiued  from  Hudson  River  ice,  put  up  six  miles  below 
the  city  of  Albany,  an  average  of  .1!t8  liacteria  f)er  cubic  centimetre 
from  transparent  ice,  and  in  the  sujjerficial  "  snow  ice  "  9,187.  Ice 
collected  lower  down  the  river  contained  an  average  of  189  in  the 
transjmrent  and  ;i,(ii)3  in  the  snow  ice. 

Ice  from  the  Dora  at  Turin  was  found  by  Bordoni-Uffreduzzi  to 
Contain  from  120  to  3,54f>  bacteria  per  cubic  centimetre. 
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Hydrant  wafer,  sim  Huppliod  to  cities,  has  received  the  attention 
of  numerous  investigators.  The  water  supply  of  Berlin  was  ex- 
amined by  Plagge  and  Proskauer  at  intervals  of  a  week  from  June, 
18S5,  to  April,  1886.  Their  tabulated  results  show  considerable 
variations.  We  give  the  figures  for  a  single  day,  June  30th,  18K5 : 
Stralauer  works,  water  of  the  Spree,  unfiltered  4.400,  filtered  53 ; 
Tegeler  works,  water  of  the  lake,  unfiltered  880,  filtered  44  ;  high  re- 
servoir at  Charlottenlierg,  71  ;  75  W.  Wilholmstrasse,  191  ;  Fried- 
richstrasae,  41-43  S.  W.,  1«0  ;  SchmiJstrasse,  165  E.,  51  ;  Friedrich- 
strasse,  126  N.,  151 ;  Weinmeisterstrasse,  15  C,  63. 

Wells  which  are  supplied  b)'  water  from  deep  strata  contain  few 
liacteria,  unless  contaminated  by  surface  water  in  which  they  are 
usually  very  abundant.  Roth  eiamiued  the  water  of  sixteen  surface 
wells  in  Belgard,  which  has  a  very  porous  subsoil,  and  found  from 
4,500  to  5,000  bacteria  in  three,  from  7,800  to  15,000  in  six,  from 
18,000  to  35,000  in  six,  and  130,000  per  cubic  centimetre  in  one. 

Forty-seven  wells  in  Stettin,  the  water  of  which  was  examined  by 
Link,  gave  the  following  resiilts  :  Less  than  I'W  in  six,  100  to  500  in 
twenty -one,  and  in  the  remainder  (sixteen)  from  1,000  to  18,000. 

Sixty -four  wells  in  Mainz  examined  by  Egger,  and  53  in  Ootha 
by  Becker,  gave  more  favorable  results  ;  the  number  of  wells  in  the 
former  citj-,  in  which  less  than  100  colonies  developed  from  1  cubic 
centimetre,  was  34,  and  in  the  latter  the  same  (34).  Bolton  examined 
the  water  of  13  wells  in  Qottingen,  and  found  but  1  in  which  the 
luimber  of  colonies  from  1  cubic  centimetre  was  less  than  100  ;  in  13 
the  number  varied  from  ISO  to  4,'J40. 

The  water  of  deep  wells  and  springs  may  be  entirely  free  from 
bacteria,  or  nearly  so.     Egger  found  in  the  water  of  an  artesian  well , 
at  Mainz  4  bacteria  per  cubic  centimetre,  and  tlie  same  number  was  \ 
found  by  Hueppe  in  the  deep  well  at  the  Wieslwiden  slaughter-hoiueu  I 
The  artesian  well  at  the  gasworks  of  Kiel  was  found  by  Brennig  to 
contain  from  6  to  30  bacteria  per  cubic  centimetre.     In  a  spring  at 
Batiolettes,  Fol  and  Dunant  found  57  bacteria  per  cubic  centimetre. 
Fiirbringer  obtained  from  springs  at  Jena  156  from  one,  51  from 
another,  32  from  another,  and  109  from  another.     The  water  supphod 
to  Danzig  from  the  Prangenaur  Spring  wtis  found  in  several  experi- 
ments to  be  free  from  bacteria  (Froimuth). 

In  a  summary  of  results  obtained  in  various  Glerman  cities  Tie- 
mann  and  Gartner  find  that  sixty-niTie  per  cent  of  the  wells  from 
which  samples  of  water  were  examined  contained  leas  than  500  bitc- 
teria  per  cubic  centimetre. 

The  water  of  sewers  is  naturally  rich  in  bacteriJi.  Miqael  found 
that  at  Clichy  the  aewer  water  contained  <i,00O,iXX)  bacteria  per  cubic 
centimetre.     Biachoff  found  in  water  from  London  sewers  7,50(),000, 
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and  numerous  observations  show  that  the  number  of  bacteria  in  river 
water  is  greatly  increased  in  the  vicinity  of  and  below  the  mouths 
of  city  sewers. 

We  conclude  from  the  experim^ental  data  recortled  that  water 
containing  less  than  100  bacteria  to  the  cubic  contim.etre  is  presum- 
ably from  a  deep  source  and  uncontaminated  by  surface  drainagp, 
and  that  it  will  usually  be  safe  to  recommend  such  water  for  drink- 
ing purposes,  uules3  it  cuntiitna  injurious  mineral  substances. 
Water  that  contains  more  than  500  bacteria  to  the  cubic  centimetre, 
although  it  may  in  many  cases  be  hfirinleas,  is  to  be  lot)kod  upon 
with  some  Buspicion,  and  watur  containing  1,000  or  more  bacteria  is 
presumably  contaminated  by  sewage  or  surface  drainage  and  should 
be  rejected  or  filtered  before  it  is  used  for  drinking  purposes.  But, 
as  heretofore  stated,  the  danger  does  not  depend  directly  u]>on  the 
number  of  bacteria  present,  but  upon  contamination  with  pathogenic 
species  which  are  liable  to  be  present  in  surface  water  and  sewage. 
In  swallowing  a  glassful  of  pure  spring  water  a  number  of  bacteria 
from  the  buccal  cavity  are  w;ished  away  and  carried  into  thestomjich, 
which,  if  onuin3rated,  would  doubtless  far  exceed  in  numbers  those 
found  in  the  most  impure  river  water. 

The  number  of  bacteria  does  not  depend  alone  upon  the  amount 
of  organic  pabulum  coutiiined  in  a  water,  and  cannot  be  dejMmdo«i 
upon  in  forming  an  estimate  of  this ;  for,  as  has  been  shown  by 
Bolton,  certain  water  bacteria  multiply  abundantly  in  water  con- 
taining comparative!}'  little  organic  matter,  while  other  species  fail 
to  grow  unless  the  quantity  is  greater.  In  a  water  containing  con- 
siderable nutrient  material  the  water  bacteria  may  be  restrained  in 
their  development  by  other  species  present  until  the  amount  of  pabu- 
lum is  reduced  so  tliat  these  no  longer  thrive,  when  the  common 
water  bacteria  will  take  the  precedence,  and  an  enumeration  may 
show  a  greater  number  of  colonies  than  at  first.  But,  in  goneral, 
water  rich  in  organic  mat«3rial  contjiins  a  greater  number  of  bacteria 
and  a  greater  variety  of  species  than  that  which  is  cijmparatively 
pure. 

That  certain  bacteria  may  multiply  in  water  which  has  been 
carefully  distilled  has  been  shown  by  Bolton  ami  others.  Two  com- 
mon water  bacteria — Micrococcus  aijuatihs  and  Bacillus  erythrospo- 
nis — multiplied  abundantly  in  doubly  distilled  water,  and  when 
this  water  was  again  atarilized  and  re-inoculated  with  one  of  these 
species  the  satuo  abundant  increase  occurred.  This  was  repeated  six 
times  with  the  same  result  (Bolton).  Computing  the  number  of 
these  water  bacteria  in  ten  cubic  centimetres  of  distilled  water  at 
twenty  millions,  and  estimating  their  specific  gravity  at  one,  and  the 
diameter  of  the  individual  cells  at  one  /(,  the  total  weight  of  the  entire 


C46 


BACTERIA  IN  WATKR. 


number,  according  to  Boltuii,  would  be  les3  than  one-hundredth 
of  a  milligramme,  and  at  least  three- fourths  of  this  must  consist  of 
wat«r.  The  organic  material  repre.sent.ed  by  this  number  of  bacteria 
would  theroforo  be  so  minute  that  it  might  be  supplied  by  dust  par- 
ticles accidentally  falling  into  the  distilled  water. 

Rosenberg  has  shown  that  while  many  of  the  species  which  h© 
obtained  in  pure  cultures  from  the  water  of  the  river  Main  multiplied 
in  sterilized  distilled  wat^r,  other  species  quickly  died  out  in  such 
water.  The  growth  of  certain  bacteria  depends^  not  only  upon  the 
quantity  of  nutritive  material  present,  but  uix>n  its  quality,  the  con-  ' 
ditiona  in  this  regard  being  widely  different  for  different  species. 

In  view  of  the  facts  heretofore  stated  bacteriologists  are  now  giv- 
ing more  attention  to  a  careful  study  of  the  kinds  of  bacteria  pre.' 
sent  in  their  examinations  of  water.  Rosen lierg,  in  his  examiriatioiis 
of  the  water  of  the  Main  in  the  vicinity  of  Wurzburg  (138G),  found 
that  before  the  river  reached  the  city  the  water  contained  more 
micrococci  than  bacilli,  but  that  after  receiving  the  sewage  of  the 
city  the  number  of  b;ioilli  wna  greatly  in  excess. 

Adametz  (ISrtS)  has  described  eighty-seven  species  obtained  by 
him  from  water  in  the  vicinity  of  Vienna  ;  Mii-schelc  found  fifty-five 
different  species  in  the  drinking  water  used  at  Laitmeritz;  and  TiU 
(IHDO)  liiis  desciribtnl  fifty- nine  species  obtained  by  him  from  the  city 
water  supply  at  Freiburg. 

Among  the  pathogenic  bacteria  which  are  liable  to  find  their 
way  into  water  used  for  drinking  purposes,  the  most  important,  from 
a  sanitary  point  of  view,  are  the  bacillus  of  typhoid  fever  and  tlje 
Bpirillum  of  Asiatic  cholera.  Both  of  these  microorganisms  are  pre- 
sent in  great  nuinbora  in  the  excreta  of  persona  suffering  from  the 
specific  forms  of  disease  to  which  they  give  rise,  and  are  consequently 
liable  to  contaminate  wells  and  streams  which  receive  surface  water, 
when  such  excreta  are  thrown  upon  the  surface  or  into  sewers,  etc. 
Epidemics  of  these  diseases  have  frecjuently  been  tracetl  U>  the  use 
of  such  contaminated  water,  and  in  a  few  instances  the  presence  of 
these  specific  disease  germs  in  water  ha.s  been  demonstrated  by  bac- 
teriological methods.  Laboratory  experiments  indicate,  however, 
that  an  increase  of  these  pathogenic  bacteria  in  drinking  -water  is  not 
likely  to  occiu",  except  under  special  conditions,  and  that  they  die 
out  after  a  time,  being  at  a  disadvantage  in  the  struggle  for  exist- 
ence constantly  going  on  among  the  numerous  species  which  have 
their  nonnal  habitat  in  water. 

Bolton,  Frankland,  and  others  have  shown  that  the  anthrax  ba- 
cillus, not  containing  spores,  dies  out  in  hydrant  water  within  five  or 
six  days.  In  the  experiments  of  Kraus  the  anthrax  bacillus  added 
to  well  water,  not  sterihzed,  at  a  temperature  of  10.5°  C.,  waa  still 
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present  in  a  living  condition  on  the  second  day,  but  no  colonies  de- 
veloped after  the  third  day  ;  the  typhoid  bacillus  died  out  between 
the  fif  til  and  seventh  days  ;  the  cholera  spirillum  was  no  longer  found 
on  the  second  day.  In  the  meantime  the  common  water  bacteria 
had  increase<i  in  numbers  enormously.  Similar  results  have  been 
rep<'>rted  by  Hochstetter  and  others,  Hueppe,  in  ten  experiments  in 
which  the  typhoid  bacillus  was  added  to  well  water  of  a  bad  quality, 
found  that  in  two  no  development  of  this  bacillus  occurred  after  the 
fifth  day,  while  a  few  colonies  developed  in  the  other  experimeuta  as 
late  as  the  tenth  day.  In  these  experiments  the  temperature  was 
comparatively  low  (10.5°  0.).  At  a  hi^^^her  tomperature  the  experi- 
ments of  Wolffhtj^l  and  Riedel  show  that  an  increase  may  take 
place.  At  the  room  tem{)erature  (about  30''  C)  the  typhoid  batnllus 
added  to  distilled  water,  to  well  water,  and  to  Berlin  hydrant  water 
was  still  present^  in  some  instances,  at  the  end  of  thirty-two  days. 
And  it  was  found  that  in  some  cases  a  decrease  in  the  number 
occurred,  then  a  notable  increase,  and  finally  a  second  diminution. 

Koch  found  the  cholera  spirillum  in  a  water  tank  at  Calcutta 
during  a  period  of  fourteen  days,  and  in  his  experiments  showed  that 
it  preserved  its  vitality  in  well  water  for  thirty  days,  in  Berlin  sewer 
water  for  six  to  seven  days,  and  in  the  same  mixed  with  fjBces  for 
twenty -seven  hours  only.  In  the  experiments  of  Nicati  and  Rietsch 
the  cholera  spirlUura  preserved  its  vitality  m  distilled  water  for 
twenty  days,  in  sewer  water  (of  Marseilles)  thirty-eight  days,  in 
water  of  the  harbor  for  eighty-one  days.  The  numerous  exi)eriment8 
recorded  by  the  observers  named,  and  by  Bolton,  Hueppe,  Hoch- 
stetter, Miischek,  Kraus,  and  others,  show  that  while  the  cholera 
spirillum  may  sometimes  quickly  die  out  in  distilled  water,  in  other 
experiments  it  preserves  its  vitality  for  several  weeks  (Maschek),  and 
that  it  lives  still  longer  in  water  of  bad  quality,  such  as  is  found  in 
sewers,  harbisrs,  etc.  Bolton  found  that  for  its  multiplication  a 
water  should  contain  at  least  40  parts  in  100,OtX)  of  organic  material, 
while  the  typhoid  bacillus  grew  when  the  proportion  was  considerably 
less  than  this — G.7  parts  in  100,000. 

Russell  (1891)  has  studied  the  bacterial  flora  of  the  Gulf  of 
Naples,  and  of  the  mud  at  the  bottom  of  this  gulf,  coUectwl  at 
various  depths  up  to  eleven  hundred  metres.  His  investigiitions 
show  that  sea  water  does  not  contain  as  manj*  bacteria  as  an 
equal  volume  of  fresh  water;  that  bacteria  are  f<3und  in  about 
equal  numbers  in  water  from  the  surface  and  in  that  from  various 
depths  ;  that  the  mud  at  the  bottom  constantly  contains  large  num- 
bers of  bacteria  ;  that  some  of  the  species  isolated  grow  best  in  a 
culture  medium  contiiiniug  sea  water. 

At  a  depth  of  50  metres  the  water  contained  121  bacteria  per  cubic 
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centimetre,  and  the  mud  from  the  Iwttom  245,000  ;  at  100  metres  the 

watiiT  contained  10  and  tlie  mud  3iH),fM)0  por  cubic  centimetre;  at 
5iH)  metres  the  water  contained  22  and  the  mud  12,500  per  cubic 
centimetre  ;  at  1,100  metres  the  mud  contained  24,000. 

The  following  new  sjiecics  were  obtained  by  Russell  from  the 
source  mentioned :  Bacillus  tlialaasopliihis,  Cladothrix  intricata. 
Bacillus  granulosus,  Bacillus  hmosus,  Spirillum  man'num,  Bacillus 
litoralis,  Bacillus  halopliilus. 

The  bacterial  ilora  of  fresh  and  sea  water  is  very  extensive,  as 
will  l>e  seen  by  the  following  list  of  species  which  have  been  described 
by  various  baeteriolo^sts  who  have  given  their  attention  to  its 
study  : 

NOX-PATHOt;KNIC  MICROCOCCI. 

Micrococcus  aurantiacus  (Cohn>,  Mici-oooccus  luteus  (Cohni,  Micrococcii 
viohiceus  (Colui),  Micrococcus  flavus  liquefHciens  (Fliicpe),  Micrococcus  I 
Tus  desideiis  (Fliigge),  Micrococcus  rathatus  (Fliipge),  Micrococcus  einna 
reus  (Fiiir}rge).  Micrococcus  flavus  t.ifdij'radus  (Flvigge).  Mieroooecufi  v< 
color  (Fliigife),  Micrococcus  agilis  (Ali-Colieu),  Micrococcus  f uscus  ( Ma8ch*k)J 
Diploc'<x;cu3  luleus  (Adametz),  Pediococcus  albiis  (Lindner),  MicrococeutJ 
cerasinus  siccus  (List),  Micrococcus  eitreus  (List),  Micrococcus  aijiiatiliil 
(Boltoiil,  Micrococcus  fervido.sus  (Adametzl,  Micrococcus  plumosus  (feriiuti-^ 
fam),  Micrococcus  viLiculo.suH(Katz),  Micrococcus  creinoides(Zininiennann),j 
Mici"ococcu8  carneus  tZiiuuierinaim),  Microctjccus  ooncentricus  (Zimmc 
manii).  Micrococcus  ros<'ttuceus  (Ziruniernianiu.  Micrococcus  urea;  (Pasteur),] 
Weisscr  Streptococcus  (MascLek),  Wunufornuger  Streptococcus  (>IasclR-kl,1 
Micrococcus  aerogsnes  (Milter),  Sarciua  alba,  Sarciua  caudidu  (Keiuko), 
Sarcina  lutea, 

PATHOGENIC  MICROCOCCI. 

Staphylococcus  pyojfenea  aureus  (Roaebbach),  Micrococcus  of  Heyden- 

reicli — "  Micrococcus  Biski-u," 


NON-PATHOGENIC   BACIT-LI, 

Bacilhis  arbiirosrcTis  (Frankland),  Bacillus  viscosiis  (Frankland),  Baril* 
his  Hiiuiililis  (Frankland).  Bucilhis  lii|uidus  (Frankland),  Bacillus  nubilitj 
(Fmuklnnd),    Bacillus    vi'rmicularis    (Fiiinkland).     Bacillus    aurantiacutj 
(Franklaudj,  Bacillus caeruleus  (Smitli),   Bacillus  glaucus  (Maschek),  BticiM 
lusalbus  ptilidus  (Masclick),  Bacillus  lUiorejicensirquefaciens,  Bacillus  tluo4 
rescena  nivahs  (Schriiolck),  Bacillus  lividus  (Plappe  and  Pj'oskauer).  Bocil-l 
lus    ruKidus  (Eisenberg),    Bacillus   sulfureum   (Holschewnikotf),    Bacillus] 
violaceiis,  Bacillus  gasofornums  (Eisenborg),  Bacillus  liquefaciens  (Eiscrt-I 
berjirX   Baeilkis  piiospliort'seens  indicus  (Fischer),  Bacillus  phosphores>r^n«' 
inditreniis  (Fischer),  Bacillus  phosplioi'cscens  gelidus  (Katz),   Bacillus  suia- 
ragdiii{i-phn.sp]inrescens  (Katz),  Bacillus  argenteo-phospLorescens  Nos.   1.. 
XL,  and  III.  (Kat/.),   Bacillus  cyano<v-pliosplioresoeus   (Katz),   Bacillus  ar-j 
g:eiifco  f)hosj)liort;sceii8  li(juefaciens  (Kala),  Bacillus  ramosus,  Bticillus  sub 
tills  (EluenlKMg),  Pmteus  Bulfurtms  (Lindcnborn),  Bacillus  aureus  (Ada-I 
nietz).  Bacillus  bruuiu-us   (Adanietz).    Bacillus    flavcK-oriaceus    (Adaiut?U),| 
Bacillus  tluofesceiisuoii-Uquefacieus,  Bacillus  latpriceus  (Adainclz),  BacilliMj 
stolonatus  (Adanietz),  Bacillus  berolinensis  indicus  (Cliissiui),   liacillus  ery-f 
throsporua  (Eidam),  Bacillus  hitcus  (List),  Bacillus  aquatilis  s'>i'- ''"h  Niij 
1,  2.  3,  4,  and  5  (Weiclisellyaum),  Bacillus  al bus  (EiseniH-rs).  I  nulti»J 

pediculosusiFlfigge),  Bacillus  Ziimianum  (List),  Bacillus  ful     ^    .l.iuneM 
maua),    Bacillus    helvohts    (Zinimcnnanu),    Bacillus  ochraceus   (Ziminer>1 
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maan).  Bacillus  plicatus,  Bacillus  devorans  (Zimmerman n),  Bacillus  gracilis 
(Ziiiimermaaaj,  Bacillus  g-uttatus  (Zimmemiann),  Bacillus  implexus  (Zim- 
mermaiin),  Bacillus  punctatus  {Zimiiiennaiin),  Bacillus  radiatus  aquatilis 
(Zimniermann),  Bacillus  Termiculosus  (ZimmermannJ,  Baoillua  constrictus 
(Ziiumermann),  Bacillus  tluoresceua  aureus  (Ziinriiennaiiu),  Bacillus  flut>- 
resccns  lonpus  (Zuiiinermauu),  Baoillua  llunrescena  tenuis  (Ziiumermann), 
Bacillus  fuscus  (Zimniemiaiin).  Bacillus  rubefaciens  (Zinmiermanu),  Bacil- 
lus subHavus  (ZimmermannK  Bacillus  jaiitliiiius  (Zopf),  Bacillus  mycoiilos 
(Fliigge),  Bacillus  tretnelloides  (Tils).  Bacillus  culicularis  (Tils),  Bacillus 
filifonnis  (Tils),  Bacillus  ubiquitus  (Jordan),  Bacillus  circulans  (Jurdan), 
Bacillus  superficialis  (Jfwdan),  Bacillus  reticularis  (Jordan),  Bacillus  ru- 
bescens  (Joi-dan),  Bacillus  bvaliuus  (Jordan),  Bacillus  olnacie  (Joitlan), 
Bstcillus  delicatulus  (Joi-dan),  l^acillua  violoceus  laurentiua  (Jordan),, 

PATHOQEXIC  BACILLI. 

Bacillus  typhi  aMominalis  (Bljertli,  Gaffky),  Bacillus  erysipelatos  suis 
("  Bacillus  murisepticus,''  Koch),  Bacillus  aepticjcmiai  hn'iuorrhagicte 
("Bacillus  cunioulicida."  Koch),  Proteus  vulpans  (Hauser),  Proteus  mi iii- 
bilis  (Hauser),  Bacillus  canalis  capsulatus  (Moril,  Bacillus  canalis  parvus 
(Mori),  Spirillum  clioleras  Asiaticaj  ("Comma  bacilhus,"  Koch),  Bacillus  coli 
communia  (Escherich),  Bacillus  hydrophilus  fus«-u3  (yaniirpllil.  Bacillus 
venenosus  (Vaugban),  Biicillus  venuuosus  Urevis  (Vaugban),  Bacillua  vene- 
Bosus  iuviaibilia  (Vaugrluiu),  Bacillujj  venenosus  liquefacietis  (Vaugban). 

The  following  additional  st)ecies  are  described  by  Zimniemiaini  (1894)  in 
Ills  second  publication  ("Die  Bakterien  uuserer  Tiiuk-  und  Nuly.wiisser"). 
Micrococcus  candidus,  Micrococcus  coralloides,  Streptococcus  ciiiei'cus.  Mi- 
crococcus sulpbureus.  MicnH-occus  galbanutus.  Micrococcus  erytliromyxa, 
8arcina  tlavea.  Wareina  aurautiaca,  Sarciaa  rosea.  Bacillus  ruber,  Bacillus 
niiniacpus,  Bacillus  luesentericusTOseus,  Bacillus  caniosus,  Bacillus  cbryso- 
gloia,  Baciliu.s  muUii)ediculu.s  Havus,  Bacillus  villosu.s  Bacillus  ratliatus, 
B:tcillus Huorescensalbus,  Bacillus  virldaiis,  Bacillus  turcOHa,  Bacillus halans. 
Bacillus  nacivacpus.  Bacillus  niirabilis,  Bacillus  umhilicatus.  Bacillus  lactis 
viscosus,  Bacillus  synxunthus.  Bacillus  sericeus,  Bacillus  miiiutus,  Bacillus 
Bteltatus,  Bacillus  radicosus,  Bacillus  vcniicosus,  Bacillus  mucoisus,  Bacillus 
centralis.  Bacillus  spumoAUs,  Bacillus  aiinulatus,  Bacillus  liquefaciens,  Bacil> 
lus  disciforniaii.s. 

The  following  spirilla  and  "  v'ibrioa"  have  also  been  found  in  water— 
chiefly  in  river  water  : 

Spirillum  volutans.  Spirillum  saiiguiupum,  Spirillum  serpens,  Vibrio  ru- 
gula,  Spirillum  plicatile.  Spirillum  marinuiu  (Russell).  Spirillum  choler.e 
Asiatic;r,  Spirillum  of  Reaon,  Vibrio  aqualilis  (Guuther),  Vibrio  of  Weibel, 
Vibrios  of  Buiwid  (Bacillus  cboleroides  a  and  6),  Vibrio  of  Liiffler,  Vibrios 
of  BonholT,  vibrio  of  Blackstein,  Vibrios  of  Sanarelli,  Vibrios  of  Fischer, 
Vibrio  Berolinensjs,  A'ibrio  Danubinis,  Vibrio  of  Pfuhl  (v.  Metchnikovi  ?). 
Several  of  the  "  vibrios"  in  this  list  which  have  recently  been  obtjiiued  fit>m 
river  water  in  various  pai'ts  of  Euroije  are  probably  varieties  of  the  cholera 
spirillunu 

ADDITIONAL   NOTES   UPON    BACTERIA   IN   WATER. 

It  is  now  generally  recognized  by  bacteriologists  that  the  potability  of 
water  L»  to  be  determiuetl  by  an  investigation  relating  U>  the  pi'esence  or  ab- 
sence of  known  jwithugenic  bacteria,  rather  than  t^y  an  cstinuUe  of  Lhe  num- 
ber of  bacteria  present  in  each  cubic  centimetre  of  the  water  under  exami- 
nation. From  asauitarv  iMiintof  view  the  most  imjiortaut  of  these  pathogenic 
bacteria  ai-e  the  cholera  spirillum  and  allied  "  vibrios,"  the  bacilli  of  tbe  "  ty- 
phoid group"  (Bacillus  typhi  abdoniinalis  and  allied  forms),  the  bacilli  of 
the  "colon  grou^i"  (Bacillus  coli  comuiuuis  with  its  varieties  and  similar 
bacilli  of  fiecal  origin).     When  one  of  these  pathogenic  bacilli  is  present  in  a 
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vrater-Buijply  in  small  mmibers  as  coinpai-etl  with  the  number  uf  saprotthytic 
bacteria,  it  Is  not  an  ea.sy  matter  to  ileiuonstrate  the  fact  liy  ihe  ordinary 
nlale  metbi»d,  espet'ially  in  tlie  ca.se  of  iion-liciuefying  s|)e4.ies  like  the  typhLrtd 
biicilhi!i.  If  we  have,  for  example,  one  typhoid  bafiilus  to  one  thousand  ba- 
cilli uf  other  specie,**  it  is  evident  that  in  a  series  of  three  plates,  jna<le  in  the 
usual  way  for  the  pur^)0.se  of  obtaining  isolated  colonie-s,  there  would  l)e  but  a 
stijull  chaiioe  of  olituniinfj;  aoolouy  of  the  lyphoid  bacillus  iu  plate  No.  .1, 
and  a  plate  coiitaiiiin"' one  ihoiisand  colonies  cir  more  would  be  so  crow Jwl 
that  the  deteetion  of  the  single  typhoid  colony  would  lie  very  difficult.  For 
this  reason,  it  is  neces.sary  tt*  i-esort  to  .sjrefial  methods  by  whicli  ihe  more 
numei-oua  .mproi»hylic  bactei'ia  will  he  excluded,  or  their  numljers  jrreatly 
reduced,  t^iiiio  of  the  method.s  whicli  have  been  succes.sfully  employed  for 
tlie  detection  of  the  typhoid  bacillus  and  uf  the  cholera  .spirillum  are  given 
In  the  sei-tions  devuted  to  these  inicrofiriJ-ani.sms.  We  sfive  l)elow  some  de- 
tails relating  to  the  metliods  employed  by  bacteriologist*  of  recognized  com* 
petence  in  i-ecent  investipjations  : 

Mar{)mann  |1S95)  considei's  all  water  which  contains  faecal  bacteria  as 
danperoiLs  Jis  a  supply  for  di-inkiug  purjKxses.  For  the  detection  of  patho- 
genic bacteria  he  recommends  the  following  procedure: 

Tlia  jjathogenic  bacteria  are  divided  into  two  groups  by  cultivation  in  nu- 
trient agarcontaining  0.2  i>er  cent  of  citric  acid,  and  in  the  same  medium  con- 
taining two  ikt  cent  of  smlium  carbonate.  The  bacilli  of  the  typhoid  gn>up 
are  said  to  gmw  in  the  acid  medium  but  not  in  that  containing  two  pfr  cent 
of  wxliuin  carbonate.  On  the  other  hand,  cholera  vibrios  dovelop  in  the  al- 
kaline medium  but  not  in  that  containing  0.2  per  <'i?nt  of  citric  acitl.  The  i»a- 
cilli  of  the  colon  gnnip  also  ( "  cloaca-baciUi  '>  do  not  grow  in  the  medium 
cHJntaiuing  citric  acid.  Bouillon  conlaining  the  sa.me  amounts  of  acid  and 
alkali  is  also  cmjiloyed.  The  water  to  he  examined  is  fii-sl  mixetl  with  au 
equal  ixtrtiou  of  acid  and  of  alkaline  bouillon  iu  two  te,st  tubes,  and  these  are 
kept  at  a  temj>eralure  of  '.Hi  C.  for  twenty-four  hom-s,  during  which  time 
the  pathogemc  bacteria,  if  jircsenL,  will  nuiltipJy  and  cau.se  a  clouding  of  the 
culture  media.  Inoculations  are  now  maxie  into  the  acid  and  alkaline  agar 
and  gelatin.  (Jrowtli  in  alkaline  gelatiji  at  the  ro<im  temperature  (10  to  IS' 
C)  is  due  to  "cloaca-bacteria"  ;  growth  in  acid  gelatin  at  20  to  23  C.  is  due 
to  bai'illi  of  the  t3-|>hoid  group.  Plates  should  also  be  made  from  the  clouded 
bouillon,  acid  and  alkaline  ;  and  the  colonies  resembling  those  of  the  tvphoid 
or  of  the  colon  gi'oup. should  he  tested  in  nutrient  gelatin  containing  !^ugar 
to  ascertain  whether  there  is  development  of  gas,  in  which  case  the  bacilli  are 
of  the  colon  group. 

When  typhoid  and  colon  bacilli  are  associated  in  waterthelast -mentioned 
bacillus  t^kes  the  precedence,  and  the  typhoid  bacillus  hiis  a  tendency  to  dis- 
appear. Thi.sisshown  by  theexperimentsof  Ginibert  (1894),  who  introduced, 
at  the  same  time,  colon  bacilli  and  typhoid  bacilli  into  water,  and  found  that 
at  the  end  of  forty-eight  hours  he  was  no  longer  able  to  isolate  the  typhoid 
bacillus  from  plates.  In  view  of  this  fact  failure  to  Itnd  the  t)"phoid  bacillus 
does  not  relieve  the  water  from  the  su.snicion  of  being  dan^rous  if  the  colon 
Imcillus  is  present.  But,  on  the  other  liand,  this  bacillus  is  so  common  that 
it  is  perhaps  the  exception  when  it  is  not  present  in  surface  waters.  As 
pointed  out  by  von  Fi'eudenreich  (18fl.^)  it  mav,  however,  escape  detection 
unless  a  considerable  quantity  of  water  is  used  in  making  the  test.  When 
the  quantity  is  ftiun  one  hundred  to  five  him<lr<Hl  cubic  centimetres,  in- 
stead of  frcHU  one  to  Hve  cubic  centimetres,  as  was  formerly  the  usual  amount 
employed,  it  is  found  not  infrequently  even  in  6])iiug  water  (von  Freudeii- 
reich>. 

The  author  last  mentioned  says  that  when  present  in  small  numbers  it 
may  be  demonstrated  by  the  methiMl  of  Vincent,  !is  follows  :  Mix  of  the  water 
ninety  cubic  centimetres  with  ten  cubic  centmietres  of  a  twenty-per-oent 
solution  of  peptone,  and  one  cubic  centimetre  of  a  seven-per-cent  solution  of 
carbolic  acid ;  place  iii  the  incubating  oven  at  43  C.     If  development  oc- 
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oui-fi  it  will  |»r()bablj'  be  due  tu  the  coltMi  buoilhiH,  but  it  will  be  ne«;e8s<iry  to 
make  plates  and  purt>  cultures  from  Niiijrlt'  colonies  in  order  to  det<?rmine 
this  with  certainty.  The  denioiistratiort  may  be  made  more  quickly,  accord- 
ing to  von  Freudenreich,  by  usinj;  a  nietWum  containing  milk  sugar  (live  per 
cent)  and  cultivating  at  35  C.  If  the  rolon  bacillus  is  present  there  will  be 
an  abundant  development  of  gas  in  fmm  twelve  to  twenty  four  hours,  and 
the  bacillus  may  then  be  readily  isolated  by  the  plate  niethotl.  The  colon 
bacitluH  has  been  found  by  Moissan  and  Giinbert  in  mineral  waters  bottled  in 
France.  Poncet  (1895J  has  made  a  careful  study  of  the  bacteria  found  in  the 
various  springs  at  Vichy.  The  species*  described  are  all  harmless  water  bac- 
teria and  have  little  interest  fi-oni  a  sanitary  point  of  view. 

Kruse  (1894),  aa  a  result  of  his  extended  researches  and  of  a  critical  con- 
sideration of  the  e.xperinietilal  data  available,  arrives  at  the  conclusion  that  a 
.sanitary  inspection  of  tlie  sources  of  su]ij>ly  i.s  more  important,  in  determin- 
ing the  safety  of  the  supply  from  asamtarv  point  of  view,  tliBLii  a  chemical 
or  l>actt"riological  examination.  The  writer  has  for  some  years  past  enter- 
tainetl  the  same  opinion.  Kruse  says,  however,  tliat  for  the  control  of  fil- 
tering plants  Imcteriological  "counting-methods"  are  indi8i)en sable.  He 
also  a-scribes  a  "high  scientiiic  value"  t4>  inve>itigations  relating  to  the  pri-s- 
ence  of  the  more  imiMjrtant  puthogenic  Ijacteria;  but  saj's  that,  notwith- 
standing the  improvements  in  methcKlB  of  research,  we  cannot  wail  for  a 
demonstration  of  tlie  pi-esence  of  the  cholera  or  typhoid  l)acteria  Ijcfore  con- 
demning a  water  as  probaldy  unsafe,  if  sources  of  contamination  are  dis- 
covered— or,  we  would  add,  if  cases  of  cholera  or  typhoid  fever  can  be  traced 
with  a  fair  degree  of  certainty  to  the  use  of  water  from  a  given  source. 

Fischer  (1804),  in  his  account  of  the  researches  made  during  the  Plankton 
expedition,  has  given  a  summary  of  the  experinjental  evidence  relating  to  Uie 
presence  of  iwiclcria  in  the  waters  of  the  ocean.  The  s|>ecies  found  were  for 
the  most  part  different  from  those  found  in  lakes  aixl  rivers,  and  at  some 
distance  from  the  shore  none  of  the  previously  known  spe<;ieR  of  micrococci 
and  iMwilli  were  encountered.  Tlie  numlier  of  Ijaet^ria  m  samples  from  the 
surface  at  a  disUince  fi-otu  the  shore  was  comparatively  small  (usually  less 
than  five  hundred  i>er  cubic  centimetre),  but  in  the  vicinity  of  land  very 
large  numbers  were  sometimes  found.  At  adistance  of  ten  metres  below  the 
surface  tlie  number  found  wtus  greatly  in  excess  of  the  number  at  the  surface 
— the  difference  being  prol>ably  due  to  the  germicidal  action  of  simlight.  At 
deptlis  of  four  hundred  metres  Ixacteria  were  constantly  found  in  great  num- 
bers, and  water  from  a  depth  of  eleven  hundred  tue^Cii  wae  still  found  to 
contain  tltem. 
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Surface  soil,  and  especially  that  wliich  is  rich  in  organic  matter, 
contains  very  numerous  bsu-teria  of  many  different  species.  Some  of 
these  are  of  special  interest  on  account  of  their  pathogenic  power* 
Thus  the  bacillus  of  malignant  cedema  and  the  bacillus  of  tetanus' 
have  been  shown  to  \x>  widely  distributed  species,  which  have  been 
obtained  by  investigators  in  various  parts  of  the  world  by  inoculating, 
8asfe[>tibl»  animals — ^inea-pigs  or  mice — with  a  httle  rich  surface 
soil.  Other  species  are  interesting  because  of  their  action  innitrifi- 
catii>n  and  in  the  destructive  decomp<J8ition  of  organic  material  by 
wliich  it  is  fitt^'d  for  iussiuiilation  by  the  higher  plants.  Many  of  the 
bacteria  present  in  the  soil  are  strictly  anaerobic,  and  in  attempts  to 
estimate  the  numljer  and  kind  of  microorganisms  present  in  a  given 
sample  this  fact  must  lie  kept  in  view. 

The  simplest  me f hod  of  stiuitjing  the  bacteria  in  the  soil  consist 
in  introducing  a  small  quantity  into  liquefied  gelatin  in  test  tubefl^| 
and,  after  carefully  crushing  it  with  a  sterilized  glass  rod  and  thor 
oughly  mixing  it  with  the  gelatin,  making  roll  tubes  in  the  usuall 
way.     Some  of  these  should  be  put  up  for  anaerobic  cultures — i.^.J 
the  tube  should  be  filled  with  an  atmosphere  of  hydrogen  according] 
to  Frankel's  method.     If  the  object  in  view  is  to  estimate  the  num- 
ber of  bacteria  in  a  given  sample  of  soil  the  difficulty  is  encountered 
that,  however  finely  crushed,  the  httle  masses  of  earth  are  likely  to 
contain  numerous  bacteria,  and  we  caiimtt  safely  a.ssume  that 
colony  originates  from  a  single  germ.     Thoroughly  washing  a  i 
ipiantity  of  soil,  by  agitation,  in  a  considerable  quantity  of  distilled 
water,  and  then  adding  a  definite  quantity  of  the  water  to  nutrient 
gelatin  and  making  roU  tubes  or  plates,  as  in  water  analysis,  sug- 
gest.H.  itself  as  a  simple  method  ;  but  Friinkel  has  shown  that  it  ia  1 
from  being  reUable  when  the  object  is  to  estimate  the  number  of^ 
bacteria.     He  obtained  more  unifonn  and  accurate  results  by  intro- 
ducing the  earth  at  once  into  Uquefied  gelatin  and  crushing  it  i 
thoroughly  aa  possible  with  a  strong  platinum  wire,  after  which 
thorough  a  mixture  as  possible  was  effected  by  tilting  the  tube  i 
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and  down.  But  for  the  purpose  of  obtaining  pure  cnlturea  from  sin- 
gle colonies  of  the  various  species  present,  weBhould  prefer  to  wash 
the  earth  in  distilled  water  and  to  allow  the  sediment  to  settle  before 
taking  a  portion  of  the  water  to  add  to  the  nutrient  medium. 

In  some  experiments  made  in  ISSI  Kfx*h  ascertained  that  in  soil 
which  had  not  been  disturbed  but  few  bacteria  were  to  be  found  at 
the  depth  of  a  metre;  and  this  fact  has  since  been  established  by  the 
extended  researches  of  Fninkel.  who  devised  a  sjjecial  boring  instru- 
ment for  obtaining  samples  of  earth  from  different  depths.  Miijuel, 
in  1879,  estimated  the  number  of  bacteria  in  one  gramme  of  earth 
collected  in  the  park  of  Montsouri,  Paris,  at  a  depth  of  twenty  centi- 
metres, at  7rM),(>00;  and  in  a  cultivated  field  which  had  been  treated 
with  manure,  at  9)D0,000.  The  following  results  were  obtained  by 
Adiunetz  :  One  gramme  of  eartli  from  a  sandy  soil  contained  at  the 
surface  380,000,  at  a  depth  of  twenty  to  twenty-five  centimetres 
400,000 ;  the  Biime  quantity  of  clayey  soil  contained  at  the  surface 
500,000,  at  a  tlejith  of  twenty  to  twenty -five  centimetres  400,000. 

In  experiments  made  l)y  Beumer  (I88f»)  and  by  Maggiora  (1887) 
considerably  greater  numbers  were  found,  but  the  last-named  ol>- 
server,  in  some  instances  at  least,  kept  the  earth  for  some  time  after 
collecting  it,  which  may  have  materially  influenced  the  residt. 
Beumer  obtained  from  a  specimen  of  satiily  humua  taken  from  a 
depth  of  three  metres  45,0O(l',iX)O  to  the  gramme  ;  at  four  metres. 
111.000,000;  at  five  metres,  8,0<TO,tX)0 ;  at  six  metres,  5.n<Hi,(XiO. 
These  sjiecimena  were  obtained  from  the  vicinity  of  hospitals  at 
Greifswald.  In  a  churchyard,  at  a  depth  of  four  metres,  the  num- 
ber in  one  experiment  was  l,15i,C>(X),  and  in  another  1,378,000. 

Frankel  has  given  special  attention  to  the  examination  of  undis- 
turbed soil  not  in  the  immediate  vicinity  of  dwellings.  In  sstmples 
from  a  fruit  orchard  near  Potsdam  he  found  that  the  8U|x'rficial 
layers  coutfiined  from  50,<H>0  to  :|."ii>,<X)0  germs  per  cubic  centimetre. 
The  greatest  number  was  ncjt  immediately  uptm  the  surface,  but  at 
from  ono-«|uarter  to  one-half  metre  below  the  surface.  The  num- 
ber was  founil  to  bo  greater  in  summer  than  in  winter,  the  maximum 
being  in  July  and  August.  At  a  depth  of  three-tjuarters  of  a  metre 
tt)  a  metre  and  a  half  there  wasa  very  great  and  abrupt  diminuti«  in  in 
thenumber  of  germs.  From200,(KH>atone-half  metre thenumlxT  fell 
to  2,000  at  a  depth  of  a  metre,  from.  250,000  at  three-quarters  of  a 
metre  to  20O  at  one  metre,  etc.,  and  at  a  depth  of  one  and  one-half 
metres,  in  some  instances,  no  more  living  germs  were  obtained.  In 
other  experiments  a  few  colonies  developed  from  earth  obtained  at  a 
depth  of  three  or  four  metres,  but  these  were  slow  in  making  their 
appearance,  and  often  several  days,  or  even  weeks,  elapsed  before 
they  became  visible  in  Esmartrh  roll  tul>es.     In  experiments  with  sur- 
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face  soil,  on  the  coiitniry,  a  multitiide  of  colonies  developed  witliiii 
twenty-four  to  forty-eight  liours,  and,  as  many  liquefjnng  bacteria 
were  present,  it  was  necessary  to  make  the  enumeration  on  the  first 
or  second  day,  at  which  time,  no  doubt,  many  of  the  bacteria  present 
had  not  yet  formed  visible  colonies.  The  results  obtained  have, 
therefoi-e,  ouly  a  relative  value. 

The  most  important  fact  developed  by  Frankel's  researches  is  that 
in  virgin  soil  there  is  a  diWding  line  at  a  depth  of  from  three-quarters , 
to  one  and  one-half  metres,  below  which  very  few  bat!teria  are  found, 
and  that,  consequently,  the  "  ground- water  region  "  is  free  from  micro- 
organisms, or  nearly  r<k  notwithstanding  the  immense  numbers  pr^ 
sent  in  the  sujwrficial  layers. 

The  extended  researches  of  Maggiora,  made  in  the  vicinity  of 
Turin,  led  him  to  the  following  conclusions  : 

1.  The  number  of  germs  in  desert  and  forest  soils  is  much  siuuller.  other 
conditions  beiug  ©q^ual,  than  ia  cultivated  lands,  and  in  these  it  is  less  tliaa 
ill  inhabited  iuculities. 

2.  In  desert  soils  the  number  of  g^rms  bears  a  relation  (a)  to  the  geoloffi- 
cal  epoch  to  which  the  lands  belong;,  and,  within  certain  limits,  to  the  hAijernt 
above  the  level  of  the  .sen — the  older  the  soil  and  the  greater  the  altitude, 
other  things  being  equal,  the  fewer  the  gt^rms  ;  (6)  to  the  compactness  and 
aeration  of  the  sod — the  more  compact  and  impermeable  to  air  the  smaller 
tlie  numl)er  of  germs  capable  of  developing-  in  gelatin  ;  (c)  to  the  nature  of 
the  soil— sandy  soils  contain  fewer  germs  than  soils  rich  in  clay  and  in 
humus. 

3.  In  cultivated  lands  the  number  of  fferaus  augments  with  the  activity 
of  oultivation  and  the  stnjngth  of  the  fertilizers  used. 

4.  In  inhabited  localities  the  nmalK-r  of  germ.s  in  the  superficial   layers  is 
very  great.     In  the  deep  layers  it  usually  dimltiishes  rapidly,  as  is  the 
in  all  other  soils. 


As  to  the  kinds  of  bacteria  present,  and  their  biological  characten 
and  functions  in  preparing  organic  material  for  assimilation  by  the 
plants  whose  roots  i>euetrate  the  soil,  we  have  yet  much  to  learn. 
Friinkel  remarks  that  the  sjiocies  most  frecjuently  encountered  in  the 
deeper  strut«v  of  the  soil  were  three  bficilli  which  also  aboimd  in  the 
superficialiayers — \'iz.,  the  "  hay  bjicillus,"  the  "wurzel  bacillus," 
and  the  "himbacillus."  In  all  eleven  bacilli  were  isohited  and  ciU- 
tivated,  Micrtwocci  were  only  found  four  times,  and  spirilla  not  at 
alL  Mould  fungi  were  more  abundant,  and  csjiecially  one  previously 
obtained  from  the  air  by  Hes.se  and  called  by  him  "brauner  Schim* 
melpilz."  Anaerobic  bacilli,  contniry  to  expectation,  were  not  ob- 
tained in  Frankel's  researches,  and  no  j>athogeuic  species  were  found 
in  the  deejier  layers  of  the  soil.  "We  have  already  referred  to  the 
fact  that  the  bitcillus  of  malignant  (pdema  and  the  bacillus  of  tetanus, 
two  path»*genic,  anaerobic  sjiecies,  are  common  in  rich  surface  soil  iu 
various  parts  of  the  wurld. 
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The  results  obtained  in  the  researches  referred  to,  in  which  nutri- 
ent gelatin  was  used  as  a  culture  medium,  are  no  doubt  verj'  in- 
complete, not  only  on  account  of  the  liquefaction  of  the  gelatin  by 
common  liquefjnng  bacilli  before  other  species  present  have  formeii 
risible  colonies,  but  also  because  this  is  not  a  favorable  culture  mo- 
diutn  for  some  of  the  species  present  in  the  soil.  Thus  Frankland  lias 
succeeded  in  isolating  a  nitrifying  ferment  which  he  calls  "  Bacillo- 
coccus."  which  grows  abundantly  iu  Ixiuilloa,  but  fails  to  grow  in 
nutrient  gelatin.  Winogradski  has  also  obtained  in  pure  cultures  a 
nitrif}-ing  ferment  from  the  soil  in  the  vicinity  of  Zurich,  which  he 
has  called  "  Nitromonas. '' 

Comparatively  few  micrococci  are  found  in  the  soil,  while  in  the 
air  they  are  usually  found  to  be  more  abundant  than  bacilli.  This 
18  perhaps  due  to  the  fact  that  tho  bacilli  are  more  promptly  destroyed 
by  desiccation  and  the  action  of  simlight. 

Several  bjieteriologists  have  made  investigations  relating  to  the 
duratinn  of  vibility  of  pathogenic  bacteria  in  the  soil.  Frankel  found 
that  in  Berlin  the  bacillus  of  anthrax,  iu  Esmarch  roll  tubes,  when 
buried  in  the  soil  at  a  depth  of  two  metres,  only  occasionally  gave 
evidence  of  growth,  and  at  three  metres  no  development  occurred- 
The  comparatively  low  temperature  at  this  deptli  was  no  doubt  an 
hniwrtant  factor  in  influencing  the  result.  The  cholera  spirillum  in 
the  months  of  August,  September,  and  October  grew  at  a  depth  of 
three  metres,  but  in  the  remaining  months  of  the  year  failed  to  grow 
at  two.  while  growth  occurred  at  one  and  one-half  metres.  The 
bacillus  of  typhoid  fever  grew  at  three  metres  during  the  greater 
portion  of  the  year. 

Giaxa  has  ma<le  extended  and  interesting  experiments  >vith  the 
cholera  spirillum,  cultures  of  which  he  added  to  different  kinds  of 
soil  (garden  earth,  claj',  sand)  and  placed  at  different  depths  below 
the  surface — one-quarter,  one-half,  and  one  metre.  Some  of  theearth 
was  sterilizeil  and  some  was  not.  In  the  unsterilissed  earth  lie  found 
the  cholera  spirillum  in  considerable  numbers  at  the  end  of  twenty- 
four  houra  at  the  greatest  depth  tested  (one  metre),  but  at  the  end  of 
forty- eiglit  hours  it  had  disappeared  in  five  experiments  out  of  seven 
— the  lowest  temperature  at  this  depth  was  20°  C.  In  the  sterilized 
SOU  the  result  was  different ;  tlie  cholera  spirillum  was  present  in 
enormous  numljers  at  the  end  of  four  days  at  a  depth  of  a  metre, 
and  was  still  found  in  smaller  numbers  at  the  end  of  twelve  days,but 
had  disappeared  at  the  end  of  twenty-one  days.  These  results  indicate 
that  the  presence  of  common  saprophytes  in  the  soil  is  prejudicial  to 
the  development  of  the  cholera  spirillum,  and  that  under  ordinarj- 
circumatances  it  succumbs  in  the  struggle  for  existence  with  these 
more  hardy  microcirganisms. 


656 


BACTERIA    IN   THE  SOIL. 


The  researches  of  Proskauer  (IStH)  eonfirm  those  of  Friinkel  and! 
others  as  to  the  rapid  diminution  in  the  number  of  bacteria  iu  the 
deeper  layers  of  the  soil.  They  also  agree  with  those  of  Gartner  in 
showing  that  in  the  soil  of  churchyards  the  number  of  bacteria 
diminishes  greatly  in  the  soil  beneath  the  layer  containing  coffins. 
In  general  the  inHuence  of  dead  bodies  upon  the  bacteria  iu  tlie  soil 
in  the  vicinity  of  coffins  was  very  wlight;  in  the  subsoil  of  the  grave- 
yard there  were  not  many  more  bacteria  tban  in  similar  soil  outside 
of  this.  Reimers  had  previously  shown  that  samples  of  earth  fn.im 
two  graves,  iu  one  of  wliich  the  body  liad  been  buried  for  thirt\--five 
years  and  iu  the  other  for  one  and  one-half  years,  gave  similar  re- 
sults when  examined  by  bacteriological  methods. 

Manfredi  in  18tt?  published  the  results  of  his  extended  investiga- 
tions relating  to  the  dust  in  the  streets  of  Naples.  The  number  of 
bacteria  varied  greatly  in  different  parts  of  the  city.  In  streets 
where  the  traflSc  was  least  and  hygienic  conditions  the  best  the 
average  number  was  in,o()<l,iKjo  per  gramme.  In  dirty  and  busy 
thoroughfares  the  average  was  1,000,000,000,  and  in  certain  locali- 
ties the  number  was  even  five  times  as  great  as  this.  Injections  into 
guinea-pigs  gave  a  positive  result  iu  seventy-three  j)er  cent  of  the 
animals  experimented  upon.  Among  the  known  pathogenic  bacte- 
ria obtained  in  this  way  were  the  pus  cocci  (in  eight),  Bacillus  tuber- 
culosis (in  three),  the  bacillus  of  malignant  oedema,  and  the  tetaiiaa 
bacillus. 

In  the  memoir  of  Fiilles  (181U)  the  following  species  are  described 
as  having  been  found  by  him  in  the  soil  at  Freiburg,  Germany: 


MICROCOCCI. 

(o)  Noii-liquefijing. — MionK-nccus  aurantiacus  (Cohn),  Micrococc«t8  oaa*  < 
didii.s  (Cohn),  Micrococcus  Itileiis  (Colm),  Micrococcus  candicans  (Fliunpe), 
Micrococcus  versicolor  (Fliigjre),  Mirnxiocciis  cinnabareus  (Fliigge),  ificro- 
cocciiscereus  albus  (Paaset).  Micrococcus  tervitosus  (AilainetJ),  Rolher  coc- 
cus (Mascheki. 

(ft)  Liquefyintt. — Micrococcus  flavus  liquefaciens  (Fliigge),  Micrococcus 
flavus  desulens  (Flugg«),  Diplococcus  luteus  (Adametz),  Sarcina  lutea. 


(a)  Non-liquefyitm.- 


NON-PATHOGENIC  BACILLI. 

-Bacilhis  fluorescf'iisinitidus  (Fliigge).  Bacillus  1UU8- 
coides  (Libonus),  l3aeilliu}  sci.ssus  (Franklana),  Bacillus  caiidicans.  Bacillus 
ditfusus  (Frauklaud),  Bjicillivs  lllifonni.>i  (Tils),  Bacillus  luteua  (FliijfKe). 
Fluorescent  water  bacillus  (ELsenberg),  Bacillus  viridis  pallesceiis  (Frickt, 
Blui.sh-g-reen  fluoresceut  bacillus  (Adametz),  Bacillus  sloloriatus  (AdameU), 
Bacillus  Ziirniaiuim  (List),  Bacillus  aerogeues  (Miller),  Bacillus  No.  1  ftnd 
Bacillus  No.  2  (Fiilles). 

(fc)  Lupiefying. — Bacillus  ramofius  liquefaciens  (Fliigeel,  Bacillux  U^ttl- 
dus   (Fraukland),    Bacillus  raiiiosus— "wurzel  bacillus,'    Bacillus  subtili* 
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(Ehrenben^,  Btusillus  mesentericus  fuscus  (Fliigge),  Bacillus  mesentcricus 
Yulffatus  ^liigge),  Bacillus  fluorescens  liquefaciens  (Fliigfire),  Lemon-yellow 
baculus  (Mascaek),  Green  yellow  bacillus  (Eisenbei^},  Gas-forming  bacillus 
(Eisenberg),  Gray  bacillus  (Mascbek),  Bacillus  prodi^osus  (Ehrenbei^), 
Proteus  mirabilis  (Hauser),  Proteus  vulraris  (Hauser),  mcillus  mesentericus 
vulf^tus,  Bicillus  cuticularis  (Tils),  "  Weisser  bacillus  "  (Eisenberg). 

(c)  Pathogenic. — Bacillus  oedematis  maligni  (Kocb). 

In  addition  to  the  above  the  following  species  have  been  described  by 
other  authors:  Bacillus  liquefaciens  mafnus  (Liideritz),  Bacillus  radiatus 
(Liideritz),  Bacillus  solidus  (Liideritz),  Bacillus  mycoides  roseus  (Scholl), 
Bacillus  viscoBus  (Frankland),  Bacillus  candicans  (Frankland),  Bacillus 
poliformis  (LiboriusX  Clostridium  foetidum  (Liborius). 

Pathogenic  species. — Staphylococcus  p^yogenes  aureus  (Rosenbach),  Ba- 
cillus ietcmi  (Nicolaier),  Streptococcus  septicus  (Nicolaier),  Pseudo-cedema  ba- 
cillus (liborius),  Bacillus  septicus  agrigenus  (Nicolaier),  Bacillus  of  Utpadel. 


BACTERIA  OF  THE  SURFACE  OF  THE  BODY  AND  OF 
EXPOSED  MUCOUS  MEMBRANES. 

(Jreat  luimben}  of  l>acteria  of  various  species  multiply  upon  the 
surface  of  the  hnnum  hodij,  where  they  find  the  necessary  pabulum 
in  the  excretionn  from  the  skin  ami  the  exfoliatoti  epithelium.  E\"i- 
dentlj*  the  number  will  be  largely  influenc«>(l  by  the  clothing  worn, 
the  atmospheric  conditions  as  io  heat  and  moisture,  personal  habits. 
etc.  The  writer  hfis  fre^iuentlj*  inoculated  culture  me«lia  with  a  drop 
of  sterilizt3<l  fluid  which  had  beenplac-ed  u|KJuthe  surface  of  the  body 
of  patii'TitH  in  hospihds  and  of  healthy  [jersons.  By  friction  with  a 
platinum  iieedlo  at  the  point  where  the  dn>p  of  fluid  is  applied  the 
surface  is  washed  find  a  little  epithelium  detacheii.  Cultures  may 
always  l>eobtaine«l  by  inoculating  nutrient  media  from  a  drop  of  fluid 
applieil  in  this  way.  Micrococci  of  various  species,  including  the  pus 
ccx'ci,  are  very  commonly  encoimtered  :  sarcinaj  and  various  bacilli 
are  also  fretiuently  met  witli.  Even  the  hands,  which  by  reason  of 
their  exposure  and  frequent  ablutions  are  freer  from  exfoliated  epi- 
thelium than  imrtions  of  the  body  covered  \Wth  clothing,  have  con- 
stiintly  uttjiched  to  their  surface  a  consideralile  nvunlier  of  luvcteria. 
This  is  shown  by  the  experiments  of  Kiimmel  and  Forstor,  of  For- 
bringer  and  nthei*s,  with  reference  to  the  disinfection  of  the  hands 
Forster  found  that  aft*M'  the  most  careful  cleaning  of  the  hands  with 
soap,  water,  anil  a  brush,  contact  of  the  fingers  with  nutrient  gelatin 
always  resulted  in  the  develojiment  of  a  greater  or  less  numl>er  of 
colonies. 

Bordoni-Uifreduzzi,  in  his  researches  relating  to  the  bacteria  of 
the  skin,  obtained  in  pure  cultures  five  different  species  of  micrococci 
and  two  bacnlH.  Pure  cultures  of  his  Bacterimn  graveolens,  which 
was  usually  found  Ix^tween  the  toes,  gave  off  a  disiigreeable  odor  like 
that  olwerveil  from  this  locality  in  certain  indivi<luals.  In  his  n.*- 
searches  ma<le  in  Havana  the  writer  fre«juently  encountered  in  cul- 
tures from  tliesurfjwe,  a.s.sociated  with  various  micrococt'i,  hia  Micro- 
coccus tetragenus  versatilis. 

Fiirbringer  found  quite  froquently  in  the  spices  beneatli  the  fin- 
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ger  nails  Staphylocof  cus  pyogenes  aureus  assiiciatetl  mth  various 
other  microoi^ranisin*?.  A  similar  result  had  previously  been  reported 
by  Bockbart. 

In  his  examinations  of  water  from  various  sources  Miquel  found 
that  "  wash- water "  from  the  floating  laundries  on  the  Seine  con- 
tained more  bacteriii  than  wat«r  from  any  other  source,  even  than 
the  water  of  the  Paris  sewers.  Hia  enumeration  gave  twenty-six 
million  germs  i>er  cubic  centimetre. 

Hohein  has  enumerated  the  colonies  developing  from  undercloth- 
ing worn  for  various  lengths  of  time  and  made  of  different  kinds  of 
material.  A  piece  of  the  gwjils  to  he  teste<l  was  sewed  insi  to  the 
underclothing,  so  as  to  come  in  immediate  ccjntsict  with  the  hmly  ;  at 
the  end  of  a  given  time  a  fragment  one-quarter  of  a  centimetre  square 
was  cut  up  as  fine  as  possible  and  distributed  in  nutrient  gelatin. 
Plates  were  made  and  the  colonies  counted  at  the  end  of  five  or  six 
days. 

In  an  experiment  in  which  8t«rilize<l  woven  goods  were  worn  next 
to  the  sldn  of  the  upp4»r  arm  the  following  results  were  obtained  : 
Linen  goods,  at  the  end  of  one  day  38,  two  days  4,180  colonies  ;  cot- 
ton gwjds,  end  of  one  day  10,1,  end  of  two  days  1.870  ;  W(X>llen  gtxxis, 
end  of  one  day  fJOG,  end  of  two  djiys  GjTOO,  When  the  material  had 
been  in  contact  with  the  skin  for  four  days  the  colonies  which  devel- 
ojyed  were  so  numertjus  that  they  could  not  be  counted. 

Maggiora  isolated  twenty-two  species  of  bacteria  from  liis  cultures 
inoculated  with  epidermis  from  the  totyt.  None  of  these  provetl  to 
be  fMithogenic  for  mice,  rabbits,  or  guinea-pigs.  Several  gave  t>ff  a 
striing  odor  of  trimethylamin,  similar  to  that  of  sweating  feet. 

The  following  species  have  been  found  upon  the  surface  of  the 
body: 

Non-patliogenity. — Diplococcus  albicans  tardus  (Unna  and  Tmutnasnli), 
Diplococeus  citreus  li«iuefayiciis  (Uiiiia  and  Tonimasoli).  Diplococcus  flavus 
liquefaciens  tardus  (Lima  and  ToininasoH),  Staphyloctwciis  viridis  tlaves- 
cens  iGuttmaini),  B(um!Ius  eraveolctis  (Bortloni-Utrrt'duzzi).  Burilhis  epider- 
iiiidis  (Bordoni),  AscobacilUis  citivus  (tinna  and  Tominusoli),  Bacillus  lino- 
rescens  liquffacieiis  tiiuiulis.sinius  (Unna  and  Tommasoii),  Bacillus  aureus 
(Unna  and  Tommasoli),  Bacillus  ovatus  niinutissinius  (Unua  and  Tumma- 
soli).  Bacillus  albicans  paterift>tiins  (Unna  and  Tommasoli),  Bacillus  spin i- 
ferus  (Unna  and  TommaHoli).  Bacillus  of  Scheurlen,  Micrrx^occus  tetiiig:«Mius 
versalilis  (Sternberfj),  Bacillus  Havauionsis  liquefaciens  (Sternber}<:). 

Path<*{)enic. — SUiphylococcus  pyogenes  albus,  Stapbylococcus  pyogenes 
aureus,  Streptococcus  pyownea,  Dipliicoccus  of  Deninte,  Baeillusof  J'einuie, 
Bacillus  of  SchimiJielbuscii,  Bacillus  nf  Toiimiaaoli,  Bacillus  saprngeiies  11. 
(Rosenbacb),  Bacillus  parvus  ovulus  (Loltler). 

SURFACE  OF  MUCOUS   MEMBRANES. 

Cultures  made  from  the  coujunctivce  of  healthy  persons  usually 
show  the  presence  of  various  micrococci,  and  sometimes  of  bacilli. 
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McFarlaud  (18do)  says  that  in  bis  researches  tlie  niicroorganisois 
found  were  for  tbe  moat  part  "  thoHe  already  described  by  otliers  and 
of  coinniou  occurrence  in  the  air."  He  encountered,  however,  sev- 
eral bacilli  not  previously  dewribed  ("  Bacilhis  hirsutus,  Bacillus 
ccjerulefaciens,  Bacillus  circuniscriptus,  Bacillus  succinacius,  Bacillus 
violaceus  flavus").  Lachowicz  (18!»5)  failed  to  obtaiu  any  bacteria 
in  hi8  cultures  from  the  conjunctival  sac  in  sixty-nine  per  cent  of  the 
healthy  eyes  examined  by  him  (nixty -three  eyes  iu  all).  He  con- 
cludes that  the  luicrourgauisins,  which  at  times  are  found  in  the 
healthy  conjunctival  sue,  come  princii)ally  from  the  air;  that  they 
are  present  in  small  numbers  and  probably  remain  only  for  a  short 
lime.  His  exj)crimonts  show  that  most  species  when  arti6cially 
introduced  rapidly  diminish  iu  numbers  and  soon  disappear  entirely. 
Cultures  of  Streptoctx'cus  pyogenes  and  of  Bacillus  xerosis  conjunc- 
tiva) introduced  into  houlthj'  eyes  did  not  cause  the  slightest  irrita- 
tion. In  this  connection  we  may  remark  that  the  same  is  true  as 
regards  pathogenic  bacteria  iutroiluced  into  the  bladder,  but  that 
when  there  is  some  cause  of  local  irritation  or  injury  a  chronic 
cystitis  is  likely  to  lie  develoi>ed.  In  like  manner,  we  believe,  chronic 
conjunctivitis  nuiy  be  devdniwd  as  the  result  of  local  irritation  in 
connection  with  the  pi-esenee  of  pathogenic  bacteria  and  especiall3-  o' 
the  pyogenic  micrococci. 

Tlie  extended  researches  of  Bach  (lS!)4)gave  results  corresponding 
with  those  of  previous  investigators,  and  not  with  those  reported  by 
Lachowicz,  who,  as  stattjd  above,  failed  to  obtain  culttires  from  sixty- 
nine  i>er  cent  of  the  healthy  eyes  examined.  Bach  sa^-s:  "In  a  large 
jiercentago  of  the  cixses  the  presence  of  bacteria  may  be  demonstrated, 
even  when  tiie  conjunctiva  presents  a  perfectly  nonnal  appearance; 
the  conjunctival  sac  must  therefore  be  regarded  as  constantly  in- 
fected." Bach  describes  twenty -seven  diffei-ent  niicrocirganisms  ob- 
tained by  him  in  pure  cultures  from  this  source,  of  these  eighte^'H 
are  micrococci.  He  recognizes  the  fact  that  most  of  them  come  from 
the  air,  while  others  are  iutrotluced  by  the  hands  in  rubbing  the 
eyes,  etc.  In  diseased  conditions  these  are  more  numerous  than  in 
health,  but  the  pus  cocci  are  not  infrequently  found  in  healthy  eyes. 

As  bacteria  are  constantly  present  in  the  air,  they  are  nec^ssarilv 
deposited  u|x)n  the  moist  mucous  membrane  of  the  nose  during  in- 
spiration. Indeed,  it  would  appear  as  if  an  important  functinn  of 
this  extendeil  mucous  membrane  is  to  purify  the  air  from  suspended 
particles,  and  it  has  been  shown  by  experiment  that  expire<l  air  is 
practically  free  from  bacteria.  The  greater  number  of  those  con- 
tained in  inspired  air  are  dejx)sited  upon  the  raucous  membrane  of 
the  anterior  nares.  In  culture  experiments  made  by  Von  Besser, 
Wright,  and  others  the  nasal  mucus  was  found  to  contain  a  great 
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variety  of  bacteria;  among  others  the  pus  cocci  were  frequently 
fouud  by  both  of  the  observers  mentioned.  In  eighty  one  eases  Vun 
Besser  found  the  "  diplococciis  pneumonia; "  fourteen  times,  Staphy- 
lococcus pyogenes  aui-eus  fourteen  timet*,  Streptococcus  pyogenes 
seven  times,  and  Frledlander's  bacillus  twice.  Twenty-eight  of  tlio 
cases  examined  were  convalescents  in  hoapitiil;  among  tliese  the 
pathogenic  species  mentioned  were  found  less  fretiiieiillythan  in  other 
individuals.  The  following  non-pathogenic  s^^iecies  were  isolateil: 
Micrococcus  liquefaciens  albus  in  twenty-two  ca.ses,  Micrococcus  al- 
bus  in  nine  cases.  Micrococcus  cumulatus  tenuis  in  fourteen  cases, 
Micrococcus  flavus  liquefaciens  in  three  cases.  Bacillus  striatus  aUms 
in  ten  cases,  etc. 

Paulsen  (ISilO)  made  thirty -one  cultures  in  nutrient  gelatin  from 
sixteen  persons  and  thirty-three  in  nutrient  agar  from  twentj-two 
persons,  with  the  following  result:  Eleven  remained  sterile,  nineteen 
showed  not  more  than  ten  colonies,  sixteen  less  than  one  hundred, 
twelve  more  than  one  hundred,  and  in  six  the  number  was  so  great 
that  they  could  not  be  counted.  Micrococci  wero  more  numerous 
than  bacilli;  of  these  a  "sulphur-yellow  coccus  "  in  tetrads  was  found 
in  eight  individuals.  Various  sjjecies  of  liquefying  cocci,  resem- 
bling the  pus  cocci,  were  isolated,  but  the  conclusion  was  reached 
that  none  of  these  were  identical  with  the  staphj'lococci  of  pus, 
which  Von  Besser  and  Wright  both  fouud  in  a  considerable  propor- 
tion of  the  cultm-e  experiments  made  by  them. 

Thomson  and  Hewlett  (1S'J5)  have  recently  rejMrted  results  whicli 
differ  to  some  extent  from  those  previously  rejiorted.  While  they 
found  numerous  bacteria  in  the  vestibulum  naris,  cultures  made  from 
mucus  obtained  from  the  interior  of  the  nose  usually  gave  a  negative 
result — sixty-four  out  of  seventy-six  remained  absolutely  sterile, 
while  in  seven  there  was  a  scanty  growth  only.  They  conclude  that 
while  microorganisms  are  occasionally  found  U]k>u  the  Schneider- 
ian  membrane  thej'  are  not  numerous  and  are  often  entirely  absent; 
and  that  they  are  rarely  found  upon  the  pituitary  membrane.  Straus 
{I8;)r»)  has  examined  the  nasal  secretions  of  persons  associated  with 
tubercular  patients  for  the  purpose  of  ascertaining  if  the  tubercle  ba- 
cillus was  present.  The  presence  of  this  bacillus  was  demonstrated, 
by  inoculation  into  guinea-pigs,  in  nine  liealthy  individuals  out  of 
twenty -nine  examined;  two  of  these  were  physicians  and  six  were 
nurses. 

Very  extended  r&searches  have  been  made  with  reference  to  the 
bacteria  present  in  the  human  mouth,  which  show  that  numerous 
species  are  constantly  present  in  tlie  buccal  seci-etions  and  upon  the 
surface  of  the  moist  mucous  membrane.  Some  of  these  are  occa- 
sional and  accidental,  while  others  appear  to  have  their  normal  habi- 
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tat  in  the  uiouth,  where  the  conditions  as  to  temperature,  moisture, 
and  presence  of  organic  pabulum  are  extremely  favorable  for  their 
developraeul.  A  minute  drop  of  saliva  spread  ufion  a  glass  slide, 
dried,  and  stained  with  one  of  the  aniline  colore,  will  always  be 
found  to  contain  an  immense  number  of  bacteria  of  various  forms. 
Some  of  tliese  are  attached  to  epithelial  cells  and  some  scattered  about 
singly  or  in  groups.  Among  those  seen  in  a  single  specimen  we  will 
nsuallj'  find  cocci  in  tetrads,  in  chains,  and  in  irregular  group*, 
bacilli  of  various  dimensions,  and  occasionally  spirilla.  According 
to  Prof.  Miller,  of  Berlin,  the  following  species  almost  invariably 
occur  in  every  mouth:  Leptothrix  innominata,  Bacillus  buccalismax- 
imus,  Lnjitotiirix  buocalis  maxima,  lodococcus  vaginatus,  Spirillum 
sputigenum,  Spirochaete  dentium.  All  of  these  fail  to  grow  in  orUi- 
nary  culture  media.  Miller  Las  made  extended  attempts  to  obtaia 
cultures  by  varying  the  medium  used  and  attempting  to  imitate  aa 
nearly  as  possible  the  natural  medium  in  which  they  are  found;  but 
his  attempts  have  been  imsuccessful,  or  nearly  so — "only  line  culture* 
afforded  a  limited  growth,  but  the  colonies  never  developed  more 
than  fifteen  to  twenty  cells,  and  a  transference  to  a  second  plate 
proved  futile,  no  further  growth  taking  place." 

Up  to  the  year  lSi^5  Miller  had  isolate*!  twenty-two  differenl 
species  of  bacteria  from  the  human  mouth.  Ten  of  these  were  cocci, 
five  short  bacilli,  six  long  bacilli,  and  one  a  spirillum.  Later  Uie 
same  author  cultivated  eight  additional  species.  Vignal  has  isolated 
and  described  seventeen  species  obtained  by  him  in  pure  culturt-s 
from  the  healthy  human  mouth  ;  must  of  these  are  bacilli,  and  Miller, 
who  found  micrococci  to  be  more  numerous,  supposes  the  difference 
in  results  to  be  due  to  the  fact  that  many  of  the  cocci  do  not  grow  in 
nutrient  gelatin,  which  was  the  medium  employed  by  Vignal.  In 
the  researches  of  the  last-named  author  the  following  species  were 
obtained  most  frequently,  in  the  order  given:  1.  Bacterium  tenno. 
2.  Bacillus  P  (Bacillus  ulna  ?).  3.  Potato  bacillus.  4.  Coccus  a.  5. 
Bacillus  6.  t>.  Bacillus  d,  7.  Bacillus  c  (Bacillus  alvei  ?).  8.  Bacil- 
lus subtilis.  0.  Staphylococcus  pyogenes  albus.  10.  Staphylococcus 
pyogenes  aureus. 

Among  the  species  above  enumerated  we  find  two  of  the  most 
common  pus  cocci,  Staphylococcus  albus  and  aureus,  but  no  mention 
is  made  of  another  important  pathogenic  micrococcus  which  is  fre- 
(|uently  found  in  the  healthy  human  mouth,  viz.,  the  micrococcus  of 
sputum  septicjemia,  first  named  by  the  writer  Micrococcus  Pasteuri. 
This  does  not  grow  at  ordinary  temperatures,  and  consequently 
woidd  not  be  obtained  in  gelatin  plate  cultures.  Very  different  rr- 
suits  have  lieen  reptirted  by  ilifferent  observers  as  to  the  frequency 
with  which  the  pathogenic  cocci  are  found  in  the  buccal  cavity. 
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Black  found  iu  the  saliva  of  ten  healthy  individuals  the  Staphy- 
Jococcus  pyogenes  aureus  seven  times,  Staphylococcus  pyogenes  al- 
buH  four  tiines,  and  StreptoctK-cus  pyogenes  three  times.  Ou  the 
other  hand,  Netter  found  Staphylococcus  aureus  only  seven  times  in 
one  linndred  an<l  twenty -seven  individuals  examined.  Miller  also 
has  rarely  found  tho  pus  c<x;ci  in  the  mouths  <vf  healthy  persons. 
Streptococcus  pyogenes  was  not  found  by  Vignal  m  his  extendeti 
researches.  The  ex|jeriment3  of  the  writer,  of  Vulpian,  Fnlnkel, 
Xetter,  Claxtt)n,  and  others  show  that  the  micrococcus  which  in 
1885  I  named  Micrococcus  Pasteuri,  and  which  is  identical  ^\^tb.  the 
"  diplocLM^cus  ])neuinonijB  "  of  German  authors,  is  frequently  prt?sent 
in  the  healthy  human  mouth— now  called  Micrococcus  pneumoniic 
croujKisfe.  Netter  examined  the  saliva  of  one  hundred  and  sixty-five 
healthy  individuals  and  obtained  it  in  fifteen  per  cent  of  the  number 
examinetl. 

Another  pathogenic  micrococcus  which  is  frequently  present  iu 
the  mouths  of  healthy  persons  is  the  Micrococcus  t^etragenim  of  Koch. 
The  following  patliogenic  bacteria  have  also  been  isolated  and  de- 
8cril>e<l  ;  Bacillus  crassus  sputigenus  (Kreiht)hm),  Bacillus  salivarius 
septicus  (Biondi).  The  Streptococcus  septK-pyteniicus  of  Biondi  is 
descrilKHl  as  having  characters  identical  ^v^th  those  of  the  Strepto- 
coccus pyogenes  of  Rosenbach.  Two  other  pathogenic  species  de- 
8cril>ed  by  Biondi  were  each  found  in  a  single  case  only.  Miller 
1ms  described  the  folIo\\ing  pathogenic  species  isolated  and  studied 
by  him  :  Micrococcus  gingivre  pyogenes,  Bacterium  gingivte  pyo- 
genes, Bacillus  dentalis  viridans,  Bacillus  jmlpje  pyogenes. 

Rosenthal  (18!):3)  examined  the  secretions  from  the  mouths  of 
fourteen  individuals  and  obtained  twenty-eight  different  bacteria;  of 
these  twenty-one  had  been  previously  described.  Five  species  be- 
lieved to  be  new  are  described  in  detail  by  Rosenthal,  viz. :  Sarcina 
viridis  tlavescens,  Micrococcus  Reessii,  Micrococcus  ochraceus,  Dip- 
lococcus  Hauseri,  Bacterium  cerasinum. 

Vignal  has  tested  a  considerable  number  of  microorganisms, 
obtained  by  him  in  his  cultures  from  the  healthy  human  mouth,  with 
reference  to  their  peptonizing  action  upon  various  kinds  of  food,  with 
the  idea  that  some  of  them  may  have  an  imix>rtant  physiological 
function  of  this  kind.  Out  of  nineteen  species  he  found  ten  which, 
after  a  longer  or  shorter  time,  dissolved  fibrin,  nine  which  dissolved 
gluten,  ten  which  dissolved  casein,  and  five  which  dissolved  albumin; 
nine  changed  lactose  into  lactic  acid,  seven  inverted  oane  sugar,  seven 
causetl  the  fermentation  of  glucose,  and  seven  coagulated  milk. 

Sanarelli  (IMKI)  has  shown  that  normal  saliva  has  the  power 
of  destroying  the  vitality  of  a  limited  number  of  certain  patho- 
genic bacteria,  including  the  foUo%ving  species:  Staphylococcus 
pyogenes  aureus,  Streptococcus  pyogenes,  Micrococcus  tetragenus 
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Bacillus  tj'phi  abdominalis.  Spirillum  cholenE  Aaiaticte.  When  to 
ten  cubic  centimetres  of  saliva,  sterilized  by  filtration  through  porce- 
lain, the  above-mentioned  pathogenic  bacteria  were  added  in  small  J 
numbers  by  means  of  a  platinimi  needle  carried  over  from  a  pure 
culture,  no  development  occurred,  and  at  the  end  of  twenty-four 
hours  the  bacttiria  introduced  were  incapable  of  growth  in  a  suitable 
medium.  But  when  this  amount  of  filtered  saliva  was  inoculated 
with  a  large  platinum  loop — an  ose — a  certain  number  of  the  bacteria 
survived,  and  at  the  end  of  three  or  four  dayB  an  abmidant  develop- 
opment  occurred.  At  first,  however,  the  number  of  living  cells  w« 
considerably  diminishe<l.  In  saliva  to  which  one  ose  of  a  culture  of ' 
Staphylococcus  aureus  was  added  thirteen  thousand  eight  hundred 
suid  forty  cotoiiiea  developed  in  a  plate  mitdeiramediateily  after  inocu- 
lation, while  a  plate  made  at  the  end  of  twenty-four  hours  containeil 
but  one  hundred  and  thirty-two  colonies,  and  one  at  the  end  of  forty- 
eight  hours  had  but  eight  colonies.  Subse<iueutly  multiplicatioa 
occiuretl,  and  a  plate  mad©  on  the  ninth  day  after  inoculation  con- 
ttiint'tl  wo  many  colonies  that  they  coidd  not  be  countetl. 

The  diphtheria  batiillus  was  not  destroyed  in  filtered  saliva,  but 
did  not  multiply  ui  it.  Uu  the  other  hand,  it  proved  to  be  a  very 
favurabk'  medium  for  the  development  of  Micrococcus  pneumoni:e 
croujKisje. 

Mucus  from  the  surface  of  the  meatus  un'narius  of  man  and 
woman,  or  from  the  vagina,  will  always  be  found  to  contain  various 
bacteria ;  but  the  bladder,  the  uterus,  and  Fallopian  tubes  in  healthy 
individuals  are  free  from  microorganisms. 

Winter  has  isolated  twenty-seven  ilifferent  species  from  TagiDai 
and  cervical  nmcus,  and  reports  that  he  found  StaphylocoocuB  pyo- 
genes albus  in  one-half  of  the  cases  examined.  A  streptococcus  was 
also  encountered  which  resemb]e<l  Streptococcus  pj'ogenes,  although 
not  positively  identified  with  it.  Sam.'whin,  on  the  other  hand,  failed 
to  obtain  the  pus  cocci  in  vaginal  mucus  from  healthy*  women. 

Donderlein,  Von  Ott,  and  others  have  carefully  examined  the 
If  tell  ml  (liscbartje  wnth  reference  to  the  presence  of  bacteria.  The 
first-named  author  found  that  in  healthy  women  the  lochial  diachargQ 
obtained  from  the  utenis  wiis  f roe  from  germs,  but  when  collected 
from  the  vagina  variou.s  microorgauisniyi  were  obtained.  In  one  case 
in  which  some  fever  existed  Staphylococcus  pyogenes  aureus  was 
found  in  the  vsigina,  while  the  discharge  from  the  uterus  was  free 
from  germs.  In  five  cases  of  puerperal  fever  Streptococcus  pyogenes 
was  tibtained  in  tlie  lochial  discharge  from  the  uterus.  The  results 
of  Von  Ott  coiTespond  with  those  of  Diinderlein.  Czemiewski,  in 
the  lochia  of  fifty-seven  healthy  women,  found  the  Streptococcus 
pyogenes  but  once,  while  in  the  lochial  discharge  of  fatal  cases  ot 
puerperal  fever  it  was  always  present. 
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Steffeck  (ISKa)  bag  examined  the  vaginal  secretion  of  twenty-nine 
pregTiant  females  who  had  not  been  subjected  to  digital  examina- 
tion, and  found  Staphylucocctis  pyogenes  albus  in  nine.  Staphylo- 
coccus pyogenes  aureus  in  three,  and  Streptococcus  pyogenes  in  one. 
These  results  indicate  that  puerperal  septiccneinia  from  self-infection 
may  o<'eur  in  exceptional  cases.  In  seventeen  of  the  twenty-nine 
cases  examined  none  of  these  pyogenic  micrococci  were  found. 

Hofmeister  (18M)  has  shown  that  bacteria  are  found  not  only 
upon  the  mucous  membrane  of  the  meatus  urinarius  in  man,  but 
that  the}'  may  usually  be  obtained  from  the  urethral  canal  at  a  depth 
of  eight  centimetres  or  more,  although  the  number  rapidly-  diminishes 
in  tlie  deeper  portion  of  the  urethra. 

Waltbartl  (1895)  arrives  at  the  conclusion  that  while  in  pregnant 
females  bacteria  are  constantly  found  in  the  vagina  and  the  lower 
portion  of  the  cervical  canal,  they  are  absent  from  the  upi»r  part  of 
the  cervical  canal,  the  uterus,  and  the  tubes;  and  that  during  the 
puerperal  condition  the  uterine  cavity  is  preserved  from  sjiontaneous 
infection  per  vias  natnralis  by  the  plug  of  mucus  in  the  cervical 
canal.  In  the  vaginal  secretions  of  one  hundred  pregnant  women, 
who  had  not  been  subjected  to  a  digital  examination,  streptococci 
were  obtained  twenty-seven  time)*  in  cultures.  These  were  not  viru- 
lent, but,  according  to  Walthard,  these  saprophytic  streptococci  be- 
come virulent  when,  owing  to  a  diminished  resisting  power,  they  are 
enabled  to  invade  the  tissues  as  parasites. 

Kronig  (ISIM)  concludes  from  his  investigations  that  the  vaginal 
secretions  of  pregnant  women  are  usually'  so  acid  that  Streptococcus 
pyogenes  could  not  multiply  in  them ;  also  that  when  the  secretion  is 
normal  it  is  almost  alwaj's  sterile. 

Dotlerlein  (18?)4)  insists  that  the  failure  of  KrtJnig  to  obtain  micro- 
organisms in  his  cultures  was  due  to  the  fact  that  suitable  media 
were  not  usetl;  also  tliat  certain  bacilli  are  constantly  found  in  nor- 
mal, acid  vaginal  secretions,  and  that  in  the  pathological  secretions 
which  are  feebly  acid,  neutral,  or  in  some  cases  slighth'  alkaline  a 
great  variety  of  l>acteria  are  found,  including  Streptococcus  pyo- 
genes, as  demonstrated  by  himself  and  other  investigators.  In  a 
later  paj)er  (I8JI4)  Kr»>nig  rciwrls  his  success  in  obtaining  cultures 
from  normal,  acid  vaginal  secretions  bj-  using  acid  media  and  by 
cultivating  under  anaerobic  conditions.  He  refiorts  also  that  patho- 
genic bacteria  (streptocttcci,  staphylococci,  and  Bacillus  pyocyaneus) 
introduced  into  the  vaginas  of  pregnant  women  lose  their  power  of 
reproduction  in  from  six  to  fortj'-eigbt  hours  (streptococci  did  not 
grow  after  six  hours).  In  a  .still  later  communication  (18U4)  Kninig 
reports  that  the  bacteria  present  in  the  vaginal  secretions  of  pregnant 
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women  are  for  the  most  part  strictly  anaerobic  species,  and  that 
among  th«*e  he  found  two  non- pathogenic  streptococci. 

Menge  (lSlt4)  has  examined  the  vaginal  secretions  in  fiftj-  non- 
pregnant women  who  had  iieen  in  bed  for  at  letist  fourteen  days — 
jifler  laparotomy.  Microscopical  examination  showetl  the  pi-esence 
of  bacteria  in  all  caHes,  but  in  only  six  rases  was  a  development  of 
colonies  obtained — upon  agar  plates;  in  one  case  Streptococcus  pyo- 
genes was  present.  Menge  concludps  fnim  liis  investigations  that 
8pontane<jU9  infection  during  fhiklbirth  cannot  <K"cur,  and  that  with 
the  exception  of  the  gonococcus  the  known  pathogenic  bacteria  can- 
not multiply  in  tlie  cervical  cantd. 

Gawronsky  (lS!t4)  has  examined  the  secretions  from  the  healthy 
urethra  in  sixty-two  women,  most  of  whom  were  under  treatment 
for  uterine  disease  or  displacement.  The  material  for  his  cultures 
was  obtained  b3''  means  of  a  platinum  loop,  iuti-oduced  through  a 
glass  cylinder,  at  a  distance  of  one  or  one  and  one-half  centimetres 
from  the  external  orifice  of  the  urethra.  In  fifteen  out  of  tlie  sisrty- 
two  cases  examined  a  positive  result  was  obtained,  as  follows:  In 
three  cases  Streptococcus  pj-ogenes,  in  eight  Staphylococcus  pyogenes 
aureus,  in  one  Staphylococcus  pyogenes  albus,  in  two  Ba<'illus  coli 
communis,  in  one  Bacterium  tholoideum  of  Gessner. 

The  following  s|iecie8  have  been  ubtaine«i  from  the  nasal  and 
buccal  secretions  : 

FROM   THE   NOSE. 

Noii-pafhogenic. — Microyoceus  nasalis  (Hajek),  Diplococcus  coryof 
(Ha,jek>,  Micnicoccus  albtia  liquefaciens  (Vou  Besser),  Micrococcus  cumn- 
laUi.i  teuuis  (Von  Besset'K  Micrococcus  tetrajfeuus  subHavus  (Von  Besser), 
Diplococcus Huoresceus  fustidus  (Klainann).  Micrococcus fa'tidus  (KlamaitD), 
Vibrio  misalis  (Wcil>el).  Bacillus  stciatus  tiavus  (Von  Besser),  Bu4.-illus 
striatus  albus  (Von  Besser). 

Pathogenic. — Staphylococcus  pyogenea  aureus.  Staphylococcus  pyogenes 
albus,  Streptococcus  pyogenes,  BticiTlus  of  Friwllander,  Bacillus  of  rhino- 
scleroma  (fj,  Bacillus  foptidus  ozjcniB  (H.ajek),  Bacillus  mallei  (Lolflier),  Ba- 
cillus smaragdiuus  fwtidiis  (Reinuiim). 


FROM   THE  MOUTH. 

Nbn-pnthogenii'. — Micrococcus  roseus  (Eisenberg),  Micrococcus  A,  B.  C, 
D,  E  of  Potlbielsktj,  Sarcinapuhuonura  (Hauser),  Sai^iua  lulca.  Microc<X'CUS 
candicans  (FJiigffeK  Biicillus  of  Mili«?r,  Barillas  viiescens  (Frick).  Vilirio 
rugula,  Vibrio  Rugualis  (Weibel),  Pseudo-diphtheria  bacillus  (Von  IJoff- 
nuiiiu),  BiicillusinlseiUericus  vulgatus.  Bacillus  subtilis.  Bacillus  a,  t>,  r,  d, 
^>f'  9,  t>,  1,  andj  of  Vignai,  Bacillus  subtilis  similis,  Bacillus  radjciformw 
(EiseubergK  Bacillu-sluteus,  Bacillus  fluorescens  non-liquefaciens,  Etecilliw 
ruber.  Bacillus  ^nridiHavnus,  Fi-ot-eus  Zenkeri,  Bacillus  (t,  H,  I,  J,  K.  L,  M. 
N.  and  Vibrio  O  and  P  of  Podbielskij,  Vibrio  viridaus  (Miller),  Micrococvu* 
nexifer  (Miller),  lodococcua  magnus  (Miller),  Ascococcus  buccalis  (MiUen. 
Bacillus  fuscana  (Miller). 

Pathogenic. — Staphylococcus  pyogenes  albus.  Staph ylocticcus  pyogwi 
aureus,  Stiiphylocotxus  salivarius  septic  us  (Biondi),  Streptococcus  pyog^nc 
Micrtx'occus  salivarius  septicus  (Biondi),  Micrococcus  tetrag«nus  (Gaffky), 


AND   OF  EXPOSED  MUCOUS  MEMBRANES.  667 

Micrococcus  gingiva}  pyogenes  (Miller),  Streptococcus  septo-pysemiciis  (Bi- 
ondi),  Streptococcus  articulorum  (Loffler),  Micrococcus  of  Manfredi,  Micro- 
coccus pneumoniae  crouposse — ' '  Micrococcus  Pasteuri "  (Stembera[) ;  Bacillus 
diphtiierise  (Loffler),  Bacillus  tuberculosis  (Koch),  Bacillus  of  Triedlander, 
Bacillus  bronchitid^e  putridse  (Lumnitzer),  Bacillus  septicsetniae  haemorrha- 

g'cae,  BEidllus  ^ngivse  pyogenes  (Miller),  Bacillus  pulpae  pyogenes  (Miller), 
icillus  dentalis  viridans  (Miller),  Bacillus  crassus  sputigenus  (Kreibohm), 
Bacillus  saprogenes  No.  1  (Rosenbach),  Bacillus  pneumoniae  agilis  (Schou), 
Bacillus  pneumoniae  of  Klein,  Bacillus  pneumosepticus  (Babes). 


V. 


BACTERIA  OF  THE  STOMACH  AND  INTESTINE. 


As  the  secretions  of  the  mouth  contain  numerous  bacteria,  these 
must  constantly  find  their  way  to  tlie  stomach,  but  conditions  are 
not  favorable  for  their  development  when  the  stomach  is  in  a  healthy 
state  and  its  secretions  normal.  Under  certsiin  circumstances,  how- 
ever, there  may  be  an  abundant  development  in  the  stomach  of  8f 
cies  which  give  rise  to  various  fennentations,  and  no  doubt  dyspef 
tic  Bymptoms  are  frequently  due  to  this  cause.  In  the  presei 
section  we  are,  however,  only  concerned  with  the  bacteria  of  the 
healthy  stomach.  Most  of  these,  we  think,  are  to  be  coiiaidenjd  aa 
only  temporarily  and  accidentally  present  in  this  viscus  aa  the  result^ 
of  the  swallowing  of  the  buccal  secretions  and  of  food  and  drink  con- 
taining them. 

The  experiments  of  Straus  and  Wiirtz  and  of  others  show  that 
normal  gastric  juice  posHesses  decided  germicidal  power,  which  ia 
due  to  the  free  hydrochloric  acid  contained  in  it.  Hamburger  ( IS'JO)  ^ 
found  that  gastric  juice  containing  free  acid  is  almost  always  free 
from  living  microorganisms,  and  that  it  quickly  kills  the  cholera 
spirillum  and  the  typhoid  bacillus,  but  has  no  effect  upon  anthrax 
spores,  Straus  and  Wiirtz  found  that  the  cholera  spirillum  is  kiUed 
by  two  hours'  exjwBure  in  gastric  juice  obtained  from  dogs,  the 
typhoid  bacillus  in  two  to  three  hours,  authnix  bacilli  in  fifteen  to 
twenty  minutes,  and  the  tubercle  bacillus  in  from  eighteen  to  thirty- 
six  hours.  The  experiments  of  Kurlow  and  Wagner,  made  with 
gastric  juice  obtained  from  the  stomach  of  healthy  men  by  means  of ! 
a  stomach  sound,  gave  the  following  results  :  Anthrax  bac-Uli  with- 
out spores  failed  to  grow  after  exposure  to  the  action  of  human  gi4s- 
tric  juice  for  half  an  hour,  but  spores  were  not  destroyed  in  twenty- 
four  hours ;  the  typhoid  bacillus  wjis  killed  in  one  hour ;  the 
cholera  spirillum,  the  biicillus  of  glanders,  and  Bacillus  pyocyanua 
were  all  destroyed  at  the  end  of  half  an  hour  ;  the  pus  cocci  showed 
greater  resisting  power.  Certain  bacteria  have  a  greater  resisting  • 
jxjwer  for  acids  than  any  of  those  alxjve  mentioned,  and  some  of  them ' 
may  consequently  pass  through  the  healthy  stomach  to  the  intestine 
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in  a  living  condition,  but  there  is  good  reason  to  believe  that  the 
spirillum  of  cholera  or  the  bacillus  of  anthrax  would  not.  On  the 
other  hand,  the  tubercle  barillus  and  the  spores  of  other  bacilli  can, 
no  doubt,  pass  through  the  stoniirui-h  to  the  intestine  without  losing 
their  vitality. 

Of  nineteen  species  isolated  by  Vignal  in  hi^  cmltures  from  the 
healthy  human  mouth,  the  greater  numlier  resisted  the  action  of  the 
gastric  juice  for  more  than  an  hour,  and  six  impedes  which  did  not 
form  spores  were  found  to  retain  their  vitality  in  gastric  juice  for 
more  than  twenty-four  hours. 

In  making  a  bacteriological  analysis  of  tlie  contents  of  the  healthy 
stomach  the  more  resistant  tnicroorgauisnis  and  those  which  form 
spores  Avill  naturally  be  found  in  greater  or  less  numbers,  inasmuch 
as  some  of  them  are  likely  t<3  be  present  in  food  and  water  ingested. 

Van  Puteren  (1S8S)  obtaineil  a  variety  of  micniorganisins  in  very 
considerable  numliers  from  the  stomachs  of  infants  fed  upon  nn- 
sterilized  cow's  milk,  but  in  healthy  nursing  infants  the  numlier  was 
much  HmaJler,  especially  when  the  mouth  was  washed  out  with  dis- 
tilled water  immediately  before  and  after  nursing.  In  18  per  cent 
of  the  cases  no  microorganisms  were  found  under  these  circum- 
stances, and  in  41  per  cent  the  number  fell  below  one  thousand  per 
cubic  centimetre.  Among  the  nursing  infants  e.xamined  (eighty- 
five)  the  following  species  were  most  numerous  :  M^^nilia  Candida, 
Bacillus  lactis  aerogenes,  a  non-litiuefjnng  coccus,  Staphylococcus 
pyogenes  aureus,  Bacillus  subtUis.  In  infants  fed  ujKm  cow's  milk 
(eleven)  Bacillus  lactis  aerogenes  was  present  in  45.4  per  cent  of 
the  f^ses,  and  Stiiphylococcus  pyogenes  aureus  in  27. 2  per  cent,  non- 
liquefying  cocci  in  f>4.4per  cent,  liquefying  cocci  in  73.7  per  cent, 
Bacillus  subtilis  in  3t!.3  j*er  cent,  and  Bacillus  butyricus  (HuepjH*) 
in  all  of  the  ciuses  ;  next  to  these  Bacillus  flavescens  liquofticiens 
was  the  most  abundant.  The  author  nameil  reaches  the  conclusion 
that  no  sjjecies  is  constant  and  that  the  firescnce  of  those  found  de- 
pends upon  accidental  circumstances. 

Abelous  (1880)  found  in  his  own  stomach,  washed  out  while  fast- 
ing, a  considerable  number  of  apeciea  of  bacteria,  viz. :  Sarcina 
ventriculi.  Bacillus  pyocyaneusj  Biicillus  lactis  aerogenes,  Bacillus 
subtilis,  Bacillus  mycoides,  Bsicillus  amylol>acter,  Vibrio  rugula, 
and  eight  other  undescriljed  bacilli  and  one  coccus.  AU  of  these 
microorganisms  were  able  tn  resist  the  action  of  hydrochloric  acid 
in  tlxe  proportion  of  1.7  grammes  in  1,000  grammes  of  water. 
Several  were  found  to  be  facultative  anaerobics. 

The  action  of  the  bacteria  isolated  by  him  was  tested  by  Abelous 
upon  various  alimentary  substances.  The  time  rei^uired  to  elTect 
changes,  such  as  the  digestion  of  fibrin,  the  changing  of  starch 
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into  glucose,  etc.,  was  found  to  be  so  long  that  there  was  no  reason 
t«>  siii»i)ose  that  anj-  one  of  the  microijrganisms  tested  was  con- 
cenifd  in  ordinary  stomach  digestion. 

In  the  infestuie  condition.^  are  favoral>le  for  the  development  of 
many  8[M?fiB8  of  saproplytic  bacteria,  and  the  smallest  (|iiantit}'  of 
eJccriL'nientitiou.^  material  from  the  bowels,  spread  upon  a  glass  slide 
and  stiiined  vrith  one  of  the  aniline  colors,  will  be  found  to  contsiin 
a  niuUitude  of  mierrnirganisms  of  this  chiss,  of  various  fonns. 
Among  these  are  certain  .sixscies  which  have  their  normal  habitat  in 
the  intestine,  and  which  may  always  be  obtained  in  cultures  from 
thJH  source,  while  others,  ha^nng  been  present  in  f(X)d  or  water  in- 
gesti.«d,  and  having  escaped  destruction  in  the  acid  juices  of  the 
stomach,  are  accidentally  and  temporarily  present.  These  latter 
may  or  may  not  increase  in  the  organic  paV)uluin  which  aI>ound8 
the  intestine,  according  as  the  conditions  are  favorable  or  otherwise.* 
The  strictly  aerobic  bacteria  could  not  multiply  because  of  the  ab- 
sence of  oxj'gen,  and  the  species  encountered  are  for  the  most  part 
anaerobics  or  facultative  anaerobics.  The  Bacillus  coli  conunimis 
of  Escherich,  which  is  tlie  most  constant  and  abimdant  species  found 
in  the  intestine  of  man  an*!  of  certain  of  the  lower  animals,  is  a  facul- 
tative aiuierobic,  which  grows  reatiily  in  the  ordinary  culture  media, 
eithi^r  in  tile  presence  of  o.xygen  or  in  an  atmosphere  of  hydrogen,  i 
But  certain  other  bacteria  of  the  intestine  are  strictly  anaerobic  and 
do  not  grow  readily  in  the  media  commonly  employed  by  bacteri- 
ologists, 

Escherich  has  shown  that  in  new-liorn  infants  the  meconiiun  is 
free  from  bacteria.  At  the  end  of  twelve  to  eighteen  hmirs  after 
birth  bacteria  apiHjar  in  the  ahine  discharges,  and  the  nutnber  is 
aheudy  considerable  at  the  expiration  of  the  first  twenty -four  hours 
of  indci>i>mlent  existence.  The  Bi>ecies  first  found  are  cocci  and  yeast 
cells  which  no  doubt  come  from  the  atmosphere,  having  been  de- 
posite4l  ujKjn  the  mi>ist  mucous  membrane  of  the  mouth  and  swal- 
lowed with  the  buccal  secretions.  When  the  meconium  is  repla<'e«l 
by  "milk  fiBces"  these  contain  in  largo  numbers  the  Bacillus  coli 
commimis,  heretofore  spoken  of  as  the  most  common  species  found  in 
the  intestine  of  adults.  Another  Ki>ecie8  associated  with  this,  but 
not  so  abuntlant,  is  the  Biicillus  lactis  aerogenes  of  Escherich. 
Other  Itacilli  and  cocci  are  found  occasionally  in  smaller  nuntberH. 
These  ImumIU  do  not  liquefy  gelatin,  and,  as  a  rule,  the  micr«.>or- 
ganisms  found  in  the  alvine  discharges  of  healthy  persons  aro  non- 
liquefying  bacteria,  Escherich's  researches  led  him  to  the  conclu- 
sion that  the  Bacillus  lactis  aerogenes  is  constantly  present  in  tlio , 
small  intestine  of  milk-fed  children  as  the  most  prominent  spec 
and  that  its  multiplication  there  is  favoreil  by  the  presence  of  n 
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Huj^iir,  and  that  Bacillus  coli  communiB  finds  the  most  favorable 
conditions  for  its  growth  in  the  large  intestine. 

Brieger,  in  1884,  isolatetl  from  faecas  and  carefully  studied  two 
bacilli,  one  of  which  has  since  been  called  by  his  name.  This  is  a 
non-liquefying  bacillus  which  is  very  pathogtMiic  for  guinea-pigs, 
and  which  in  its  morphology  and  characters  of  growth  closely  re- 
sembles the  Bacillus  coli  commiuiis  of  Escherich.  Indeed,  a  num- 
ber of  non-liquefjnng  bacilli,  diflFering  but  slightly  in  their  morpho- 
logical and  biological  characters,  have  been  obtained  by  various 
investigators  from  the  alimentary  canal  of  man  and  the  lower  ani- 
mals, and  it  is  still  a  question  whether  they  are  to  be  regarded  as 
distinct  species  or  as  varieties  of  the  **  colon  bacillus  "  of  Escherich. 
The  bacilhis  obtained  by  Emmerich  from  cholera  cadavers  in  Na- 
ples l>elongs  to  thin  group,  an<l,  if  not  identical  with  the  colon  bacil- 
lus, resembles  it  so  closely  that  its  differentiation  is  extremely  diffi- 
cult. Brieger 's  bacillus  forms  propionic  acid  in  solutions  containing 
grape  sugar,  A  second  bacillus  obtaine<i  by  him  from,  the  same 
source  resembles  the  "  pneumococcus  "  of  Friedliinder  ;  this  causes 
the  fermentation  of  saccharine  solutions,  with  production  of  ethyl 
alcohol. 

Bienstock  (1883)  isolated  four  sijocies  of  bacilli  from  normal  fteees, 
two  of  which  are  comparatively  large  and  res«>mble  Bacillus  sub- 
tilis  in  their  mor[)hok>gy  and  in  the  fonnation  of  spores.  A  third 
species  is  described  as  an  extremely  slender  pathogenic  bacillus,  re- 
sembling the  bacillus  Lif  mouse  septiciemia.  The  fourth  species  is  an 
actively  motile  bacillus  which  forms  end  spores,  causing  the  rods  to 
have  the  form  uf  a  dnnnstick.  This  is  said  to  caiise  the  dcconiposi- 
tion  of  albumin,  with  production  of  ammonia  iind  carlK»n  dioxide. 
Liiter  researches  do  not  sustain  Bienstock's  conclusion  that  the  ba- 
cilli described  by  him  are  the  pi'inci[ial  forms  found  in  normal  ffeces. 

Among  the  species  encoimtered  by  Escherich,  in  addition  to  those 
mentioned  above  (Bacillus  coli  communis  and  Bacillus  lactis  aero- 
genes),  are  the  f(L>lU>wing ;  Proteus  vulgaris,  found  three  times  in 
meconium,  and  constantly  in  the  fieces  of  dogs  fed  ui>on  flesh  ;  Strej>- 
tococcua  coli  gi-acilis,  foimd  in  meconium,  but  not  during  the  period 
of  nursing,  is  constuitly  present  in  the  intestine  when  a  flesh  diet  is 
employed. 

The  intestine  of  carnivorous  and  omnivorous  animals  contains  a 
greater  number  of  bacteria  than  tluit  of  the  herbivora,  and  in  the 
large  intestine  they  are  far  more  numerous  than  in  the  small  intes- 
tine (De  Giaxa).  Suck8<lorf  has  enumerated  the  colonies  developing 
from  one  milligramme  of  fieces  from  individuals  on  mixed  diet.  He 
obtained  an  average  of  380,000  from  a  series  of  observations  in  which 
the  maximum  was  2,300,000  and  the  minimum  25,000, 
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The  constant  presence  of  certain  species  of  bacteria  in  the  intes* 
tine  of  man  and  tho  lower  animals  has  led  to  the  supposition  that 
they  may  serve  a  useful  purpose,  or  perhaps  even  have  an  essential 
physiological  role  in  connection  with  intestinal  digestion.  "While 
this  question  has  not  been  definiti'ly  settleil,  the  experiments  of 
Vallin,  Abelous,  and  others  have  thrown  some  light  upon  it,  and  a 
recent  experiment  by  Nuttall  and  Thiorfelder  (IS'JS)  has  considerable 
importiuice  as  beating  upon  its  solution.  The  experiment  consiste*! 
in  removing  a  foetus  from  a  pregnant  guinea-pig  by  Cresarean  sec- 
tion, placing  it  under  conditions  which  protected  it  from  the  micro- 
organisms present  in  the  atnmsphere,  and  feeding  it  uf»on  sterilized 
milk.  Gn?tit  technit-al  .skill  was  shown  in  carrying  out  tliis  ex|»eri- 
ment  for  a  jK^riod  of  eight  days,  during  which  time  tho  little  animal 
was  kept  in  a  sterilized  atmosphere  and  was  fetl  everj-  hour  day  and 
night.  At  the  end  of  this  time  it  had  consumed  over  three  hundred 
and  thirty  cubic  centimetres  of  sterilized  milk,  and  was  as  active  and 
heallliy  as  other  guinea-pigs  of  the  same  age.  It  was  now  killed,  and 
a  careful  liacteriological  examination  showed  that  the  discharges 
from  the  bowels  and  the  contents  of  the  intestine  were  entirely  sterile. 


ADDITIONAL   NOTES    UPON    BACTEKIA  OF   THE   STOMACH   AXX> 

1NTE.ST1NE. 

Opplpr  (1894)  has  examined  material,  obtained  in  the  early  morn  in  jr,  from 
the  stomach  of  perstms  sutTfcing  from  indtge.stion,  and  found  nearly  always 
numerous  masses  of  Barcinii".  Five  ditt'erent  species  were  obtained  fix>ni  this 
sotircf,  which  were  distinguished  by  the  following- characters  :  No.  1,  colo- 
niessulphuryellow;  No.  2,  <*olonics(rreenish  j'cllow  ;  No.  3,  colonies  whitr ; 
No.  4,  coloiiicN  white,  docs  not  liquefy  gelatin  ;  No.  5,  colonies  orange  j-el* 
low.     Nos.  I  and  ;J  were  most  fi*equenlly  encountered. 

Kauffmann  (lSH5)iii  » carefully  stu«lie<l  caseof  rhronic dyspepsia obtainpd 
fi"oru  the  contents  of  the  stomach  bi  tho  mnrnintf  l»efoi-e  br«"4ikfa.st,  and  aft^r 
atestme^il,  tho  following  bacteria  :  Yellow  sarciua.  Micrococcusaurantia<^u(s 
Staplivloeoccus  wrens  albus.  Bacillus  suhlilis.  Bacillus  nunosus,  "*  a  larpc 
thick  bacillus."  "  a  short  bacillu.s  le.sembling  BhciIIus  coli  connnnnis.  '  The 
last-mentioned  bacillus  was  found  in  large  nuniben^,  and  Kauifmann  suggMs. 
that  it  may  have  been  the  cause  of  the  fermentation  in  the  digvstive  tract 
which  caused  the  tinplea-sant  sjanjjtoms  in  the  ca.se  under  iiivestigntion. 

Macfayden  (1887)  and  GiUewpie  iWXA)  have  also  obtained  a bacilluiii  from 
the  stomach  which  appears  to  he  identical  with  Bacillus  coli  comnmniK.  In 
the  rescjirclies  of  Gillespie  it,  m'u.s  obtained  from  a  patient  with  dilatation  of 
the  stomach  who  suffered  from  flatulence,  etc.  In  all,  twenty-four  ditferrnl 
microorp^anisnis  were  obtained  by  Gillespie  fi-om  the  contents  of  the  stomach 
of  diffeivnt  individuals.  Tliis  number  inclu«les  tliree  species  of  sacclia- 
i-oniyccs  and  a  mueor.  Amonjj  the  conclu.sion.s  reache<l  by  Gillespie  are  the 
following  : 

"  14.  Althouj^b  bacteria  are  of  no  aid  to  peptic  digestion,  and  a  hindrance 
to  the  pancreatic  ferment  if  in  tiuantity  in  the  du«xlenum.  they  still  are  of 
trrt^at  use  in  the  small  intestine,  where  they  control  putrefaction.  Thi«  seenw 
paradoxical  :  microorganisms  obistructuig  microorganisms  but  assistinf^  diges- 
tion. It  seems,  however,  to  be  true.  The  organisms  which  most  easily 
pass  the  searching  examination  of  the  stomach  are  those  which  give  rise  by 
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their  growtli  to  the  fatty  atids,  as  they  ai^  the  most  resistant  to  the  actiou  of 
acids.  Tlieir  profliiots  in  the  small  iutostine  are  siitticieiit  to  keep  the  con - 
tents  of  that  viscits  acid,  ami  they  therebv  prevent  or  caatrol  juitrefaetioii. 
In  tlie  large  iiitestjue  the  secretion  is  so  alkaline  that  the  ijutrefactive  orgau- 
isms  reassert  themselves. 

"  IS.  IncreasiHl  |nitrefactii>ii  in  the  intestinal  t-anal  may  therefore  he  due, 
in  some  oascs,  eitht-r  to  insulHcieut  ninrtiility  amoii;;  the  j)Utreftu,'tive  orjjan- 
isni.s  in  the  stonuich,  or  to  too  great  mortality  among  the  at:id-fonniiig  hac- 
teria  and  veitsls. 

"16.  'the  laetit!  a<^'id  which  appeaj-s  during  the  tirst  .stages  of  digestion  is 
due  U)  the  ai-tioa  of  organisms. 

"17.  The  hwrtic,  acetic,  butyric,  and  fiucciiiie  aeid.s  found  in  ga8trr»ecta*«is 
are  due  also  to  organisms  which  luxuriate  in  tin-  t<x»  stationary  cnntents. 
The  marsh  gas,  the  Srennenderyas  of  the  Germans,  is  pi-obably  due  to  the 
same  cause  ;  in  tlie  only  ca.se  of  thi.s  character  witli  vvhicli  1  have  had  the 
good  fortune  to  meet  no  material  fur  examination  could  be  obtained." 

The  following  spocies  have  been  isolated  from  fsecea  and  the  con- 
tents of  the  intestine  of  cailavers  : 

Nou-iKtthogenic. — Streptocticcus  coli  gracilis  (Escherieli),  Micifx-occus 
aeroge lies  (Miller),  Micrococcus  tetrageuua  verst(lili.s  (Sternberg),  MtcnxriK- 
cusovalia  (E-scherich),  "Yellow  liquefying  gtuphylococcus  "  (J»jMrherich), 
"Porzellaneoccui*"  (Kscherich),  Bacillus subtilis.  Bacillus  aei-ogenes (Miller), 
Bacterium  aerogenes  (MillerK  Bacillus  lactiserythrogeiiea  (Hueppe),  Clostri- 
dium foetiduni  (Liborius),  Bacillus muscoidesCLiborius),  Bacillu.s  ptitriticus 
coli  (Bienst(K;k),  Bacillus  subtilis  similis  I.  and  II.  (Bienstock),  Bacillus 
Zopfii,  Bacillus  liquefaciens  communis (Sternbergi,  Bacillus  inU?-HLinu,stii|ue- 
faciens  (Sternberg),  Bacillus  inbestinua  inotilis  (Sternberg),  Bacillus  Huores- 
ceiis  liquefaciens  (Fliigge),  "  Colorle-ss  fluorescent  liquefying  bacillus" 
(Escherich),  "Yellow  liquefying  bacillus"  (Escherich),  Bacillus  niese.nteri- 
cus  vulgatus.  Bacilli  of  BiMjfeer,  A  to  T,  first  series;  a  to  s,  second  series; 
Bacilli  of  .lettries  A  to  Z,  and  a,  fi. 

Pathogenic. — Staphylocoeeus  pyogenes  aureus,  Bacillus  typhi  alxlo- 
minalia,  Bacillus  septictemuehepmorrhagicie.  Bacillus  of  Belfanti  and  Pas- 
carola,  Bacillus  enteritidis  (Giirtuer),  Bacillus  of  Lesage,  Bacillus  j>seudo- 
muriseplicus  (Bienstock).  Bacillus  coli  communis  (Escherich),  Bacillus  lactis 
aerogenes (Escherich),  Bacillus  cavicida  (Brieger),  Bacillus  of  Emmerich, 
Bacillus  coprogenes  fnetidus  (tichottelius),  Bacillus  of  Utpade),  Bacillus  lejxiris 
lethalis  (Sternberg).  Bacillus  acidiformans  (Sternberg),  Bacillus  cuniculicida 
Havanien.sis  (Sternberg),  Bacillus  cadaveris  (Sternberg),  Bacillus  cavicida 
Havaniensis  (Sternberg),  Proteus  vulgaris  (Hauser),  Bacillus  tuberculosis, 
Spirillum  choleraa  AsiaticsB  Spirillum  of  Fiiikler  and  Prior. 
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BACTERIA  OF    CADAVER8    A>rD   OF    PUTREFYING 
MATERIAL  FROM  VARIOUS  SOURCES. 

Til K  imtrefm'tivo  chang«»s  which  t)ccur  so  promptly  in  cadavers, 
when  temiwrHture  coiulitifins  are  favorable,  result  chiefly  from  post- 
mortem invrusion  of  the  tissues  by  bacteria  contained  in  the  alimea- 
tary  canal.  But  it  is  probable  that  under  certain  circumstances 
inierotirgaiiistns  from  the  intestine  may  find  their  way  into  the  cir- 
culation (luring  the  last  hours  of  life,  and  that  the  very  prompt  putre- 
factive changes  in  certain  infectious  dise^ises  in  which  the  intestine 
is  more  or  less  involved  are  due  to  this  fact.  The  writer  has  made 
luimerous  exiierimeuts  in  which  a  portion  of  liver  or  kitlney  re- 
moved from  the  cailaver  at  an  autopsy  made  soon  after  death — one 
to  six  hours — h<us  been  euvelope<l  in  an  antiseptic  wrapping  and  kept 
for  forty -eight  hours  at  a  temperature  of  25"  to  ."JO"  C.  In  every  in- 
stance there  has  been  an  abundant  development  of  biicteria,  although 
as  a  rule  none  were  obtained  from  the  same  material  immediately  after 
the  removal  of  the  organ  from  the  Ixidy.  This  shows  that  a  few 
scattered  bacteria  wei-e  present.  The  same  result  was  obtained  in 
cases  of  sutlden  death  from  accident,  as  from  portions  of  liver  or 
kitlney  removed  from  the  bodies  of  persons  dving  of  yellow  fever, 
tuJjerculo.sis,  and  otlier  diseases. 

Nmnerous  researches  show  that  the  blood  of  liealthy  men  and 
animals  is  free  from  bfu-teria,  and  that  saprophj-tic  l>acteria  injected 
into  n  vein  soon  disappear  from  the  circulation  ;  and  recent  experi- 
ments show  that  bliHwl  senmi  has  detdded  germicidal  jxjwer.  But  in 
spite  o(  this  fiict  tlie  exj)erimeuts  of  Wyssokowitsch  sliow  that  cer- 
tain bacteria  injectetl  into  the  circulation  may  be  depositeil  in  the 
liver,  the  spleen,  and  the  marrow  of  the  bones,  and  there  retain  their 
vitality  for  a  considerable  time.  The  spores  of  Bacillus  subtilis  were 
found  by  the  observer  named  to  preserve  their  vitality  in*the  liver  or 
spleen  of  animals  into  which  they  luul  lieen  injected,  for  a  jwriod  of 
two  or  three  months.  In  the  writer's  experiments  the  microorgan- 
isms which  first  developed  in  fragments  of  liver  preserved  in  an  an- 
tiseptic wrapping  were  certain  large  anaerobic  bacilli,  and  especially 
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my  Baoillus  cadaveria,  together  with  the  Bacilhis  coli  communis 
of  Escherich,  my  Bacillus  hepaticua  fortuitua,  and  other  non-Hque- 
fving  bacilli  of  the  ''colon  group." 

These  bacteria  did  not  give  rise  to  a  putrefactive  odor,  and  tlie 
fragment  of  liver  when  cut  into  hiid  a  fresh  appearance  and  a  very 
acid   reaction.     Later^  putrefactive  changes  occurred  and   Proteus 
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Tia.  109.— Smear  prep&r&lioD  from  llrer  of  yellow-fever  cAdaver,  kept  fortj'-elght  hours  in  on 
iptlc  wmpplDfC.    X  1.000.    From&phoComicroRniph.     (Stembenr-) 


vulgaris  and  other  putreffictive  bacteria  obtained  the  precedence. 
Evidently  all  of  theae  species  must  have  been  present  in  the  liver  at 
the  time  it  was  removeti  from  the  cadaver,  although  in  such  small 
numl>ers  that  they  were  rarely  seen  in  stneiir  i)ropa  rat  ions  <jr  ob- 
tained in  cultures  from  the  fresh  liver  tissue.  The  ajjpearanco  of  a 
smear  preparati4jn  from  the  interior  of  a  fragment  preserved  for 
forty -eight  hours  in  an  anti.septic  wrapping  is  shown  in  Fig.  199. 

The  horribly  offensive  gases  which  are  gi  ven  off  from  dead  ani- 
mals in  a  state  of  pntrefjwtion  appear  to  be  due  to  certain  large  an- 
aerobic bacilli  which  are  found  in  such  material, 
and  which  have  not  yet  been  thoroughly  studied 
owing  to  the  diffieultv  of  cultivating  them  in  arti- 
ficial media ;  among  them  is  a  large  bacillus  with 
round  ends  which  forms  an  oval  spore  at  one  ex- 
tremity of  the  rather  long  roil.  This  the  writer 
has  described  utider  the  name  of  Bacillus  cada- 
veris  grandis,  Fig.  5iU0. 

In  the  interior  of  a  putrefying  mass  of  this  kind 
only  those  bacteria  are  found  which  are  able  to  grow  in  the  absence 
of  oxygen,  but  aerobic  saprophytes  may  multiply  upon  the  surface  of 
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such  a  mass,  or  in  oi^anic  liquids  to  which  the  air  has  free  access. 
Among  the  most  common  putrefactire  bacteria  are  the  Proteus  vul- 
garis, Proteus  mirabilis,  and  Proteus  Zenkeri  of  Hauser.  Formerly 
the  minute  motile  bacteria  found  in  putrefying  animal  infusions,  etc., 
were  commonly  spoken  of  as  belonging  to  the  species  "  Bacterium 
termo,"  but  recent  researches  show  that  several  different  species  were 
included  under  this  name  by  those  whose  researches  were  made  be- 
fore the  introduction  of  Koch's  method  for  isolating  and  differentiat- 
ing microorganisms  of  this  class  by  the  use  of  soUd  culture  media. 
The  different  species  of  Proteus  are  all  facultative  anaerobics.  They 
are  more  or  less  pathogenic,  and  according  to  Hauser  produce  a  chem- 
ical poison  which,  when  injected  into  small  animals,  causes  death  with 
all  of  the  symptoms  of  putrid  intoxication.  The  bacillus  of  mouse 
septicaemia,  which  was  first  obtained  by  Eoch  from  a  putrefying  meat 
infusion,  is  also  pathogenic,  as  are  the  writer's  Bacillus  cadaveris 
and  various  other  anaerobic  bacteria  found  in  putrefying  material. 

Some  account  of  the  various  products  of  putrefaction  and  the 
microorganisms  concerned  in  their  production  will  be  found  in  Sec- 
tion lY.,  Part  Second,  of  the  present  volume. 
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3nik  always  contains  bacteria,  unless  drawn  with  special  precau- 
tions into  a  sterilized  flask.  In  the  healthy  udder  of  the  cow  it  is 
sterile,  but  in  tuberculous  cows,  when  the  milk  glands  are  involve<l, 
tubercle  bacilE  may  find  their  way  into  the  milk  in  considerable 
nuinl)er8.  Afi  ordinarily  obtainwl  and  pres»irvetl.  milk  is  greatly  ex- 
posed to  l>acterial  contamination  from  various  sources  ;  desquamated 
cuticle  from  the  external  surfiice  of  the  udder  and  from  the  hands  of 
the  milker,  and  floating  particles  from  the  air  of  the  stable,  fall  into  it 
at  the  verj"  moment  it  is  drawn,  and  it  is  subsuquently  contaminated 
by  bacteria  from  the  air,  and  from  water  used  in  washing  the  recep- 
tacles in  which  it  is  placed  or  added  to  it  by  the  thrifty  milkman. 
As  it  funiiahes  an  excellent  nutrient  medium  for  many  of  the  bacteria 
which  are  thus  intro«luced  into  it,  under  favorable  conditions  of  tem- 
perature it  quickly  undergoi^s  changes  due  to  the  multi|)lication  in  it 
of  one  or  more  of  those  microorganisms.  The  acid  fermentation  and 
coagulation  of  the  casein  which  so  constantly  CN-curs  is  comph'tely 
prevente<l  by  sterilizing  fresh  milk  in  fliisks  provided  mth  a  close- 
fitting  cork  or  cotton  air  filt<?r.  Numerous  researches  have  Iw^en 
made  with  reference  to  the  microiirganisms  found  in  milk  and  the 
various  fermentations  to  which  the3'  give  ri.><e.  Natnrallj*  a  great 
variety  of  species  will  lie  found  in  an  e.Ktended  re.search,  but  all  are 
accidentally  present,  and  only  those  demand  spt^cial  attention  which 
produce  the  various  fermentations  of  this  fluid  commoidy  encoun- 
teretl,  or  which  have  special  ]>athogenic  properties. 

Several  different  bacteria  produce  an  acid  fermentation  and  con- 
sequent c(»agulation  of  milk,  but  the  usual  agent  in  pro<lucing  this 
fermentation  is  the  Bsicillus  acidi  Itictici,  which  is  identical  with  the 
"  fennent  lactique  "  of  Pfusteur,  When  a  pure  culture  of  this  bacillus 
is  intrwlucetl  into  sterilized  milk  kept  at  a  t«>m|>«?rature  of  "id"  to  30°  C, 
coagulation  occurs  in  from  fifteen  to  twenty -four  hours.  A  uniform, 
gelatinous  mass  is  pro^luced  which  does  not  subsequently  l»ecomo 
dissolved  (Adametz).  Various  other  bficteria  prixluce  a  similar 
change,  including  a  numl>er  of  common  water  bacteria,  several  ape- 


cies  of  Harcina,  Htiiphyhx'tx'cus  pyogenes  aureus,  and  other  pus  cxwci. 
Usually  cctagiilatiuu  is  due  t<>  the  combined  action  of  several  bacteria, 
among  wliich  Bacillus  acidi  lactici  is  apt  to  be  the  most  prominent. 

Othor  bacteria  pnxhice  coagulation  without  the  lactic  acid  fer- 
mentation. This*  api^'firs  to  be  due  to  the  fonnation  of  a  soluble 
ferment  which  acts  like  rennet,  causing  the  coagulati«jn  of  milk 
which  has  a  neutral  or  slightly  alkaline  reaction.  The  coagu- 
lated ca-sein  in  tliis  case  is  sul)sequently  redissolvetL  The  Ijacteriii 
which  pnnluco  this  cluinge  for  the  most  part  form  spores,  while  the 
lactic  acid  ferments  do  not.  If,  therefore,  milk  is  heated  nearly  to  the 
lK>iling  point  the  acid-forming  Imct^^ria  will  \m  destroj-ed  and  the 
HlHjres  of  the  other  sjiecies  surviving  will  give  rise  to  coagiilarion 
with<_»ut  the  prmluction  of  lactic  acid.  Amtmg  the  more  common 
microtirganisms  of  tliis  gnnip  are  the  Bacillus  butyrieus  (Huepp«>), 
Bacillus  mesentericus  vulgiitus,  Liifflor's  '"  white  milk-bacillus."  and 
the  bacilli  described  by  DucIhux  under  the  generic  name  of  TyTV»thrix. 

Other  fermentations  are  produced  by  certain  chromogenic  bacteria, 
and  these,  as  a  ruU\  are  nut  as  harmless  fnim  a  sanitary  point  of  view 
as  those  above  referre<i  to.  Blue  milk  is  pnxluced  by  the  presence  of 
Bacillus  cyant>gemiH,  yellow  milk  by  Bacillus  synxanthus  (Schroter) 
and  by  a  species  obtained  by  List  from  the  faeces  of  a  sheep  and 
another  found  by  Adametz  in  cheese.  The  well-known  Bacillus 
prcKligiosus  pi-oduces  \t»  characteristic  reil  pigment  when  present  in 
milk,  and  a  bluish-red  color  is  caused  by  Bjicterium  lactis  erytlirogenee  | 
(Hueppo). 

Viscous  fermentation  in  milk  is  produce<l  by  several  dilferent  bac- 
teria, among  others  by  a  micrf)CHx;cu8  stiidied  by  Schmiilt-Muhlheim, 
and  a  short  h^icilhis  isolated  by  Adametz — Bacillus  lactis  niscusus. 
Milk  which  bus  undergone  this  change  is  miwhtilesome  as  f«xxl  ;  it 
is  ivcugnized  l)y  the  lotig  filaments  which  are  j)riKluce<i  when  it  is 
touched  with  any  oltjwt  and  this  is  slowly  withdrawn. 

The  Caucasian  milk  ferment,  Bm-illus  Caucasicus,  produces  a 
sjHrH-ial  fermentation,  which  has  been  referred  U)  in  Section  IV.,  Part 
Second  (page  i;S'^). 

Various  pathogenic  bacteria  have  occasionally  l)een  fomid  in  milk 
in  aildition  to  the  tulx^rcle  l)acillus  already  referred  to.  Thus  Adameta 
found  Htai»h_\lococcus  pytigenes  aureus  in  two  samples  which  had 
been  Bubraittenl  to  him  for  examination,  one  of  which  liad  given  rise 
to  vomiting  and  diarrhtea.  Wyssokomtsch  cultivated  fr»>m  milk 
which  hiui  bcH>n  standing  some  time  a  pathogenic  bacillus,  naiuotl  by 
hun  Bacillus  oxj-totrus  pemiciosus. 

The  8i>ecial  microtirganism  whic-h  produces  the  poisonous  pto- 
jnaine  called  by  Vaughtm  t^-i-otoxictni  has  not  yt't  been  isohited  ;  nor 
do  we  know  the  efxact  cause  of  scarlet  fever,  although  there  is  evi- 
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(lence  that  this  disease  has  been  spread  by  tho  iiae  of  contaminated 

milk,  as  have  also  diphtheria  and  typhoid  fever,  which  diseasea  are 
due  tu  biicilli  nuw  well  known.  As  the  cholera  spirillum  ^^ows 
re':!*!!!}'  in  milk,  tliis  disease  could  no  doubt  also  Ije  tniUHniitttMl  in 
the  same  way. 

Sedgwick  and  Batchelder  (I8!i2)  have  examined  a  larjje  number 
of  si>ecimen8  of  milk  obtained  in  Boston  and  vicinity,  for  the  puipose 
of  determining  tho  number  of  bacteria  present.  They  found,  as  an 
average  of  severjd  trials,  that  milk  obtained  in  a  i-lo^m  stable,  from 
a  well-kept  cow,  by  milking  in  tho  usual  way  into  a  sterilizeil  bottle, 
contained  altO  bacteria  i)er  ctibir  centimetre.  "  When,  however,  the 
milkman  nsed  the  ordiniiry  milk  jiail  of  flaring  form,  seated  himself 
with  more  or  Ie^<s  disturbftuee  of  the  heddinjjj,  and  vigorously  shook 
the  udder  «jver  the  pail  <luring  the  usual  jiriK-e.ss  of  milking,"'  the 
nnmbt^rs  were  very  much  higher — on  an  average  IJo.rHR)  i»t'r  cubic 
centimetre  immediately  after  milking.  The  average  of  fifteen  .eam- 
ples  taken  from  the  tables  of  persons  living  in  the  HubnrUs  <if  Boston 
was  09,143  per  cubic  centimetre.  The  average  of  fifty-seven  sam- 
ples of  Boston  milk,  obtained  directly  from  the  milk  wagons  and 
plate<l  at  once,  wa.s  "2, oriAjriOO  jwr  cubic  centimetre.  The  average  of 
sixteen  .sjimples  from  groceries  in  the  city  of  Boston  was  4,577,000 
per  cubic  centimetre. 

Prof.  Renk  found  in  the  milk  supply  of  Halle  from  (i,l>()O,000  to 
go,CK.)(i,iHM>  bacteria  per  cubic  centimetre — a  number  considerably  ex- 
ceeding that  usually  found  in  the  sewage  of  American  cities  (Sedg- 
■wiek). 

Cohn  and  Neumann  (1S!il)  have  shown  that  tlie  milk  of  healthy 
Women  fre*]iiently  c«jutains  bacteria,  and  that  8taphyl<x-occUH  jiyo- 
genes  albus  is  the  species  most  freijuently  found.  This  has  been 
confirmed  by  the  researches  of  Palleske  (tSif^>),  Ringel  (lKl*:i)  and 
others.  The  last-mentioned  author  examined  the  milk  of  *i5  women 
recently  contine<l,  "  I'l  of  whom  were  healthy  and  1.1  sick."  In  3 
cases  only  was  the  milk  sterile;  in  17  cases  Staphylococcus  pyogenes 
albus  was  found;  in  2  cases  Staphylococcus  pyogenes  aureus;  in  1 
case  both  albus  and  aureus;  in  2  cases  Staphylo^-ttccus  pyogenes  albus 
and  Streptococcus  pj'ogeues.  The  8trept<x'occi  were  found  in  a  case 
of  mild  puerjjeral  fever  and  in  a  case  of  jihlebitis. 

The  researches  of  Hirshl)erger  (LSSii),  of  Ernst  (1805),  and  of 
others  show  that  the  milk  of  tuberculous  cows  may  contain  tubercle 
bacilli  even  when  tbe  udder  of  the  animal  presents  no  evidence  of  a 
localizetl  tuiiercular  infection.  In  Vil  samples  of  milk  examined  by 
Enist  f rom  30  different  cows,  10  gave  a  jKJsitive  result;  all  fn>m  the 
milk  of  l"i  cows  in  which  no  evidence  of  tuWrculosis  of  the  udder 
was  found  in  a  carefully  made  post-mortem  examination.     Among 
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the  bacteria  which  pnxluce  unwholesome  changes  in  milk  are  several 
which  cause  it  to  become  viscous  or  soapy.  Among  these  we  may 
mention  Micrococcus  lactis  viscosus  of  Conn,  Micrococcus  Freuden- 
reichi  of  Guillel>ean,  BacilUis  mesentericus  vulgatus,  and  Bacilhis 
lactis  saponat-ei  of  Weiy;bnuiiin  and  Zirn.  A  considerable  number 
of  bacilli  are  known  which  give  rise  to  the  production  of  butyric 
acid  ferjiientation  in  milk  and  its  products.  Some  of  these  are  an- 
aerobic and  some  aerobic.  The  list  includes  the  following:  Bacillus 
butyriciis  of  Prazmowski,  Bacillus  of  Liborius,  Bacillus  of  Botkin, 
Bacilli  of  Kadrowski, 

The  bittor  taste  which  milk  and  cheese  sometimes  acquire  is  due 
to  the  presence  of  Kjiecial  bacterial  ferments;  among  these  the  beet 
known  are  an  aerobic,  lirjuefying  micrococcus  described  by  CJonn,  a 
bacillus  described  by  Weighmann,  Micrococcus  casei  amari  and  Ba- 
cillus liquefaciens  lactis  amari  of  De  Freudenreich  (1895). 

In  fresh  hniter  of  go(«J  tiualitj-  comparatively  few  microorganisms 
are  found,  but  the  researches  of  Conn  show  that  the  characteristic 
and  agreeable  flavor  of  fresh  butter  is  due  to,  or  at  least  may  be  imi- 
tatetl  by,  a  bacillus  which  is  concerned  in  the  ripening  of  cream 
under  normal  conditions.  Cultures  of  this  bacillus  (Bacillus  41  of 
Conn)  have  already  been  used  in  a  practical  way  by  butter  makers 
to  improve  the  flavor  of  their  product. 

Kreuger  (IH'iO)  obtaineil  from  "cheesy  butter,"  having  a  disa- 
greeable odor,  variolic  bacteria.  Among  these  the  most  numer- 
ous were  an  oval  micrococcu.s  (Microctx!Cus  acidi  lactici,  Kreuger),  a 
slender  l*acillus  resembling  Bacillus  fluorescens,  and  Bacillus  acidi 
lactici  of  Hueppe. 

Klecki  (IHD-J)  has  isolated  from  rancid  butter  several  bacteria  not 
previously  described,  one  or  more  of  which  are  no  doubt  concerned 
in  the  production  of  the  rancid  taste  and  odor.  These  are  described 
niidcr  the  following  names:  Bacillus  bntyri,  Diplococcus  butyri,  a 
bacillus  resembling  IckIococcus  vaginatus  of  Miller,  Tetracoccua 
butyri.  Bacillus  butyri  Xo.  2. 

Duclau.x  (1SS7)  has  isolated  from  different  kinds  of  cheese  no  leas 
than  eleven  different  sjM'cies  of  bacteria,  which  he  believes  are  con- 
cerned in  the  *'  rii^ning  process."  Seven  of  these  are  aerobic  and 
four  anaerobic  species.  Adametz  (1881))  has  also  isoIate<l  and  stndieil 
a  number  of  sj)ecies  to  which  he  attributes  the  ripening  of  cheese. 

Moi-e  rwently  Ileurici  (1895)  has  studie<l  the  bacterial  flora  of 
cheese,  and  Marchal  (]8!)5)  bas  shown  that  the  ripening  of  certain 
kinds  of  cheese  (fromages  mous)  is  probably  due  to  Oidium  lactis. 

Meats,  even  when  salted  and  smoked,  may  contain  living  pntbo- 
genic  bacteria  which  were  present  prior  to  the  death  of  the  animal, 
and,  when  not  projK'vly  preserved,  are  of  course  liable  to  b©  invaded 
by  putrefactive  bacteria. 
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The  researches  of  Foster  (1889)  show  that  the  typhoid  bacillus, 
the  pus  cocci,  the  tubercle  bacilluB,  and  the  bacillus  of  swine  plague 
resist  the  actiou  of  a  saturated  solution  of  salt  for  weeks  aiid  eveu  for 
months;  and  the  same  observer  found  that  the  ordinary  processes  of 
salting  and  smoking  did  not  destroy  the  tubercle  bacillus  in  the  flesh 
of  a  coAV  which  had  succumbed  to  tuberculosis.  Beu  has  made  cul- 
tures from  a  large  niunber  of  specimens  of  fresh,  stilted,  and  smoked 
mea,ts  and  fish,  with  the  general  result  that  the  fresh  and  salted  meats 
were  found  to  contain  a  limited  number  of  bacteria  of  various  species, 
and  that  smoking  for  several  days  did  not  insure  the  destruction  of 
thc.'^e  micnxjrganisms.  In  specimens  of  eauwage  six  days'  smoking 
did  not  destroy  a  liciuefj-ing  bacillus  which  was  present,  but  at  the 
end  of  six  weeks'  exposure  to  smoke  this  bacillus  no  longer  grew, 
while  a  non-liijuef  ying  bacillus  present  in  the  same  specimen  had  not 
been  destroyed.  Fourteen  days'  smoking  sufficed  to  destroy  all  the 
microorganisms  in  a  specimen  of  bacon,  but  this  was  not  sufficient 
for  the  interior  portions  of  a  ham.  Among  the  bacteria  obtained  b}' 
Beu  from  smoked  meats  he  mentions  the  following  :  Staphyl<x;occus 
cereus  albus,  Proteus  \'ulgaris,  Staphylococcus  pyogenes  aureus,  Ba- 
cillus liquefaciens  viridis,  etc.  The  number  of  colonies  which  de- 
veloped from  a  fragment,  the  size  of  a  mustard  seed  to  that  of  a  flax- 
seed, taken  from  the  interior  of  the  metits  examined,  was  usually 
small;  and  the  presence  of  a  few  scattered  bacteria  of  these  common 
species  haa  no  significance  from  a  sanitary  point  of  \iew,  except  as 
showing  that  pathogenic  bacteria  may  survive  in  infected  meats  after 
they  have  been  exposed  to  the  usual  processcts  of  salting  and  smoking. 

Petri,  in  experiments  upon  the  bacillus  of  swine  plague  (Schweine- 
rothlauf),  arrived  at  the  following  results  : 

The  flesh  of  swine  which  died  of  this  disease  preserved  its  infec- 
tious properties  after  having  been  preserved  in  brine  for  several 
months,  and  the  same  flesh  salted  or  pickled  for  a  mouth  and  then 
smoked  for  fourteen  days  contained  the  rotlilauf  bacillus  in  a  living 
and  unattenuated  condition.  At  the  end  of  three  months  \'irulent 
rothlauf  bacilli  were  still  obtained  from  a  smoked  ham,  but  they  were 
no  longer  found  at  the  end  of  six  months. 

Schrank  (1888)  has  made  cultures  from  both  the  albumin  and  the 
yolk  of  fresh  eggs,  and  finds  that  they  are  free  from  biictoria.  He 
thinks  that,  as  a  rule,  putrefactive  bacteria  obtain  access  to  the  inte- 
rior through  injured  places  in  the  shell,  although  exceptionally  the 
egg  ma}-  be  infected  with  them  in  the  o\'iductof  the  fowl.  The  usual 
bacteria  concerned  in  the  putrefactive  changes  in  eggs  are,  according 
to  the  author  mentioned,  a  variety  of  Proteus  vulgaris  and  BacLUus 
fluorescens  putidus. 

Zorkendorfer  (1893)  has  cidtivated  from  rotten  eggs  sixteen  dif- 
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ferent  bacilli,  all  of  which  are  described  in  detail  and  none  of  which 
were  found  to  correspond  with  previously  described  species  as  given 
in  Eisenberg's  Bacteriological  Diagnosis. 

Peters  (1880)  has  studied  the  flora  of  the  "sauerteig"  used  in 
Germany  as  yeast  for  leavening  bread.  In  addition  to  the  numerous 
cells  of  three  species  of  Saccharomyces,  he  finds  that  bacilli  are  present 
in  great  numbers,  as  shown  by  direct  microscopical  examination  and 
culture  experiments.  He  describes  five  species,  designated  Bacillus 
A,  B,  C,  D,  and  E,  which  are  commonly  present,  and  to  which  the 
acid  fermentation  of  the  dough  is  ascribed, 

In  Graham  bread  which  had  undergone  changes  making  it  unfilj 
to  eat,  Kratsclimer  and  Niemilowicz  have  found  the  Bacillus  mt 
entericus  vulgatus,  which  appears  to  have  been  the  cause  of  the 
fermentation,  which  was  produced  in  bread  having  a  slightly  alka- 
line reaction  by  inoculating  it  with  a  pure  culture  of  this  bacillus. 
The  infected  bread  has  a  brownish  color,  a  peculiar  odor,  and  be- 
comes stickj'  and  viscid. 

Uffelmann  (1890)  has  also  studied  the  bacteria  in  spoiled  rye 
bread,  and  obtained,  in  addition  to  common  mould  fungi,  Bacillu 
mesentericus  viilgatus  and  Bacillus  liodermus. 

Waldo  (18114)  has  shown  that  baking  does  not  sterilize  bread. 
This  was  to  have  been  expected  in  the  case  of  the  spores  of  bacilli, 
but  it  is  somewhat  surprising  to  find  that  two  species  of  Sarciua  and 
two  micrococci  survived  the  baking  process,  In  all  Waldo  obtainc 
thirteen  species  uf  bact*?ria  from  the  interior  of  sixty-two  loave 
examined.  Bacillus  subtilis  and  allied  spore-forming  bacilli  were 
most  frequently  found,  and  the  statement  is  made  that  a  loaf  **  from 
a  low-class,  dirtj'  bakery  will  almost  invariably  contain  more  living 
bacteria  (or  their  spores)  than  one  from  a  good,  clean  bakerj'." 

Lehmann  (181*4)  under  the  name  Bacillus  levans  has  described  a 
miciwirganism  which  closely  resembles  Bacillus  coli  communis.  This 
was  obtained  from  sour  dough,  and  was  believed  to  be  the  cause  of 
tlie  acid  fermentation  which  so  often  interferes  with  success  in  ob- 
taining sweet  and  whole,some  bread.  When  a  culture  of  this  bacil- 
lus was  added  to  flour  and  water,  without  the  addition  of  yeast,  an 
active  fermentation  occurred  and  the  dough  became  acid. 
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Acute  rlicumntism,  etiology  of,  610 

of  snake  venom,  269                                           ^^^H 

Aeroscopes,  625 

of  tetanus,  268                                                    ^^H 

Agar-agar,  43 

of  tetanus,  from  milk,  271                                    ^^^H 

filtration  of.  44 

Autitoxins.  2<lil-272                                                  ^^H 

Agiir-gelntin,  43 

do  not  diulyze,  273                                           ^^^H 

Agitfttton,  gemiicidal  action  of,  159 

Appendicitis,  etiology  of,  573                                  ^^^H 

Agwi  foeo,  as  a  culture  m«lium,  aU 

Arseninus  aniil,  germicidal  value  of,  170               ^^^| 

Air,  bacteria  in,  023-035 

Arthritis,  etiology  of,  073                                         ^^H 
Artbrospores,   120                                                             ^^^^| 

filter  of  cotton,  4 

Alcohol,  germ icidal  value  of,  193 

AscococeUB.  17,  21                                                       ^^^ 

Alexins.  373 

Johuei.  327 

Alkalica,  germicidal  value  of,  179-181 

Aseptol,  germicidal  value  of,  193,  194 

Alkaline  fermentation  of  urine,  137 

Asporogearius  varieties,  136 

Alopecia,  etiology  of.  572 

Attenuation  of  virulence,  127-120 

Alum,  antiseptic  value  of,  184 

by  antiseptics,  1&8 

Aluminium  acetate,  antiseptic  value  of, 

by  heat,  128 

■  1HI4 

1        Ammonia,  germicidal  value  of,  180 

■  liberation  nf.  140 

Bacilli,  morphology  of,  22 

Bacillus,  generic  characters,  18 

oxidation  of,  141 

A  of  Booker,  492 

Ammonium  carbonale,  antiseptic  value 

acidiformans,  474 

of.  184 

of  acne  contagiosa  of  horses,  506 

chloride,  antiseptic  value  of.  184 

aerogenea  capsulatus,  614 

fluosilicate,  antiseptic  value  of,  184 

aerogenes  meningi tides,  529 

sulphate,  antiseptic  value  of,  184 

albus  cfldaveris,  503 

Anaerobic  bacteria,  cultivation  of,  78-8B 

alvei,  507 

bacilli.  531-548 

anthractB,  840 

cultures,  79 

anthracis,  biological  characters,  341 

cultures,  Buchner's  nietliod.  88 

anllirucis,  niorjibology,  840 
antbraciH,  pathogenesis.  345 

cultures,  Esmarclt's  method, S3 

cultures,  Frankel's  method,  80 

anthracis,  spore  formation,  341,  343 

cultures,  Liborius'  metho<l,  83 

anthracis.  toxic  products,  345,  348 

cultures,  Sternberg's  method,  81 

anthracis.  varieties  of,  848 

AnffiBthettcs,  use  of.  07 

of  Babes  and  Oprescu,  458 

Angina,  etiology  of.  573 

Aniline  dyea,  gt-rmicidal  value  of,  193 

of  Beck,  524 

of  Belfanti  and  Pascarola,  439 

oil.  nDtiaeptic  value  of,  194 

bovis  morbilicans,  535 
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Bacillus  of  bubonic  plague,  520 

of  Bunzl-Federn,  520 

cadaveris.  541 

canalis  capsulatus,  506 

canalis  parvus,  506 

of  Canon  and  Pielicke,  515 

capsulatus,  454 

capsulatus  mucosus,  512 

csvicida,  448 

cavicida  Havanieosis,  448 

of  Cazal  and  Yaillard,  458 

of  chancroid,  576 
"Bacillus"  of  cholera,  552 

of  cholera  in  ducks,  484 

cbolerse  gallinarum,  429 
Bacillus  of  Cbiari,  517 

chromo-aromaticus.  505 

coll  communis,  462-474 

coli  communis  in  bread,  682 

coli  communis  in  cystitis,  588 

ooli   communis  in  peritonitis,  472, 
605 

coli  communis  in  pyelonephritis,  600 

coli  communis  from  stomach,  672 

coli  communis,  varieties  of,  466-472 

coprogenes  foetidus,  497 

coprogenes  parvus,  447 

crassus  sputigenus,  449 

cuniculicida,  429 

cuniculidda  Havanicnsis,  47 

of  Demme,  494 

dentalis  viridans,  501 

diphtlieriae.  875-880 

diphtbcrise,    biological    characters, 
375 

diphtberiee,  branching  forms,  884 

diphtherise  in  fauces  of  healtliy  per- 
sons, 885 

diphtheriffi,  morphology  of,  875 

diphtheriec,  pathogenesis,  877 

diphtheria;,  persistence  after  recov- 
ery, 384,  885 

diphtlierise,  toxic  products  of,  870 

diphtheria,  varieties  of,  880 

diphtlieriee  columbrarum,  882 

diplUlicriac  vitulorum,  888 

of  Ducrey.  576 

of  von  Diingern,  519 

of  Emmerich  and  Weibel,  528 

cndocarditidis  cnpsulatus.  493 

endocarditidis  griseus,  493 

cntcritidis,  453 

erysipelatos  suis,  442 

eryaipclatos  suis,  pntliogenesls,  445 

of  Eve  and  Lingard,  424 

of  I<Mocca,  484 

fa'tidus  07.a;nflE,  495 

of  fowl  cholera,  429 

of  Frettenseucbc,  439 

of  Friedliinder,  308 

gnllitmruin,  453 

of  Gerdes,  587 

of  Gessner.  505 


Bacillus  of  Gibier,  478 
gingivte  pyogienes,  501 
of  Golasz,  425 
gracilis  cadaveris,  516 
of  grouse  disease,  452 
of   Guillebeau,  a,    b,  and   c,    628, 

529 
of  Harris,  517 
beminecrobiophilus,  511 
of  hog  cholera,  484 
of  ho^  cholera,  varieties  of,  488 
bominis  capsulatus,  450 
bydrophilus  fuscus,  455 
indigogenus,  507 
of  influenza,  888 
of  influenza,   biological  chaiactetB, 

389 
of  influenza,  pathogenesis,  880 
of  intestinal  dipbUieria  in  rabbits, 

884 
of  Jeffries,  474 
of  Eartulis,  507 
of  Koubasoff,  426 
lactis  aCrogenes,  472 
of  Laser,  457 

of  Laser,  gas-forming  aerobic,  534 
leporis  lethalis,  478 
leprae,  414-416 
of  Lesage,  498 
of  Letzerich,  495 
of  Loeb,  460 
of  Lucct,  450 
of  Lumnitzer,  496 
of  Lustgarten,  422 
malarite,  596 
mallei.  417-422 
mallei,  pathogenesis,  419 
meningitidis  purulenttc,  604 
of  Mcreshkowsky,  523 
monachfle,  528 
mucosus  ozKDffi,  518 
murisepticus,  442 
Neapolitanus,  462 
necropliorus,  407 
of  Nicolaier,  517 
of  Nocard,  426 
ocdematis  aOrobicus,  494 
cedcmatis  mali^ni.  587 
opdeniatis  mahgni  No.  11    (Novy), 

545 
of  ekada,  509 

phlegmones  emphysematosse,  547 
piscicidus,  525 
piscicidus  agilis,  522 
S.  pneumoniw,  808 
pneumosepticus,  454 
prodigiosus,    pigment    production, 

182 
pseudo-tuberculosis,  600,  580 
pseudo-tuberculosis  murium,  590 
pulptc  pyogenes,  501 
of  purpura  heemorrhagica  of  Babes, 

510 


^F              ^^^^9^r                                 ^"IV^      ^^          ^^^1 

Bacillus    of  purpum  liiEmorrlmgica  of 

Bacillus    tubcri'idosis,    thermal    death*                  ^^^^^ 

Kolb.  .511 

^^^^^M 

of  purpura  lupmorrbaglea  of  Tizzoni 

tuberculosis,  toxic  products  of,  405                   ^^^^| 

and  GioTtiDDiiii,  51(} 

tutxTuuloals  giillirmruro,  410                               ^^^^H 

pytxryimeu8,  479-464 

typhi  nlxiomiDalis,  358                                             ^^^^^| 

pyocyaneiia /i  (P.  Ernst),  482 

typhi-  abdoniiualis,  biological  char-                 ^^^^| 

pyocjaneua,  in  otitis  media,  482 

^^^^1 

pyocyuneus,  patliogenesia,  480 

typhi    titMUiminalis,     detection     in                 ^^^^H 

pytxjyanous,  pigmeDts  prwiuced  by, 

water.  3fi5-368                                                     ^^^H 

131 

typhi  abduininnlis.  flagella  of,  359                     ^^^H 

pyocyaneus  pericnrditiiiis,  482 

typhi  HbdominidiB,  morphology  of,                   ^^^^| 

pyogenes  tilifurmis.  .')26 

^^^1 

pyogenes  fatidus,  4.')0 

typhi  nl)dumiDalia,  pathogenesis,  304                  ^^^^| 

pyogenes  soli,  512 

typhi  !ib(]iiii)inalis,   pus  production                  ^^^^| 

of  rabbit  septiwEiiiia,  429 

^^^M 

of  rbiuos^'ltiroiiui,  425 

typiii  abdomiunlis,    thermal  death-                  ^^^^| 

of  iiiiuiersf uflie,  440 

^^^H 

1                   No.  I.  of  ftoth,  509 

typhi    abdonuuulis,    toxic  products                 ^^^H 

'                   No.  II.  of  R<itli.  509 

303                                                                ^^^H 

Btilivarius  septicus,  SJIO 

typhi  iDuriiiin,  457                                               ^^^^| 

Bangiiinis  typiii,  515 

typbuHUS,  358                                                            ^^^H 

of  8clnmuudbtis«li,  495 

of  Uuon  iind  Ilodnra,  527                                     ^^^^| 

1                  of  8di0H,  497 

of  Utpadcl.  507                                                     ^^^M 

sopticiEmia;  liBcmotrbagica;,  429-^34 

varicosuH  conjunctiva;,  504                                 ^^^^H 

septicffimitii  litcmorrrbagicic,  atteau- 

513                                                      ^^^^H 

atloii  of,  432 

veocDosus  brevis,  613                                           ^^^^H 

septicH'miir    hflptnorrbagiac,   patho- 

vcnenonuB  inviijibiliH,  513                                    ^^^^| 

gfiitHiH  of,  4H3 

veucnosua  liriuciacicns,  514                                 ^^^^| 

at'ptic-us  acuTniiiiitiis,  n02 

Bacteria  in  tlm  air,  metbods  of  collect-                    ^^^^H 

septiciis  H^rigcnuB,  442 

ing,  (i2r}-U31                                                          ^^^H 

tkjpticus  iicralo-iuttlutiie,  503 

in  tlie  uir.  results  of  researches,  633                    ^^^H 

septicus  sputigeuiis,  310 

in  the  air.  in  Hchoul-rooma,  685                                  ^H 

fiopliciis  iilceria  giiDgncnoei,  SOU 

in  the  air,  species  found,  634                           ^^^^H 

sept! COS  vcsicip.  505 

clieniiral  composition  of,  121                           ^^^^^^^M 

smiiragdinua  ftcticliis,  453 

f>f  niuuth,  (i(Sl,  KUO                                              i^^^^H 

of  swine  plague,  Marscillos,  439 

of  mouth.  i>eptanixing  action  of,  663                ^^^^^| 

i                  of  syraptomatio  atitbmx,  542 

ill  the  soil,  6.52-657                                               ^^^H 

'                   tf-nufs  sputigenua,  457 

it)  the  soil.  kindHof,  654,  056                               ^^^H 

tetQtii,  r»Sl 

in  the  soil,  method  of  studying,  653                   ^^^^H 

'                  tetani.  a<'robic  cultnrea  of,  548 

in  the  soil,  number  of,  658                                  ^^^^f 

tetani,  ctiltivjitioii  of,  533 

striictu re  of ,  tl5                                                     ^^^^^| 

1                  tetnui,  pathogenewia,  534 

on  surface  of  the  body,  658                                 ^^^^H 

^L            of  Toiiimasoli,  497 

thernml  tleath-point  of,  150                                    ^^^^| 

H            of  Tricouii,  303 

in  tissues,  methodii  of  staining,  34                            ^^| 

^H            tuberculosis,  303 

in  water,  636-6.51                                                      ^^^M 

^B           tuberculosis,  action  of  sunlight  on. 

in  water,  r'(jlleeUon  of  water.  637                         ^^^^| 

^m               403 

in  water,  enumeration  of.  639,  641                     ^^^H 

^V           ttiberculosis,    attenuation    of    viru- 

in  water,  species  found,  648                                ^^^^| 

^B               lencc,  404 

wuunda.  276                                                     ^^^^B 

^B          tiibcrculoBis,   biological    characters. 

Bacteridio  dii  Chnrbon,  340                                         ^^^^| 

H               307 

Bactcric  septique,  583                                                  ^^^^^ 

^H           tubi'rculosis,    branching   forma   of. 

Bacteriology,  literature  of,  8                                     ^^^^H 

B 

Bacterium,  18                                                                  ^^^^H 

^H            tulicrcu1ui;is,  iu  broncliial  gknds  of 

al^rugiuosum,  479                                                 ^^^^H 

^H                beaUliy  persona,  413 

coli  eonimune,  462                                               ^^^^| 

^H            tuberculosis,  cultivation  of,  309 

^^^^^^ 

^1            tuberculosis,  duration    of    vitality, 

Barium  cidoride.  antiseptic  value  of,  184                  ^^^^| 

H               403 

Bees,  infectious  disease  of,  .507                                  ^^^^H 

^H           tuberculosis,  morphology  of,  :)94 

Bcggiatoa,  19                                                                  j^^^^^f 

^H           tuberculosis,  pathogeiu'sis,  408 

Benzene,  germicidal  value  of,  194                              ^^^^H 

^H           tuberculosis,    s|>ore   formation    (?), 

Benzoic  acid,  germicidal  value  of,  170                      ^^^^| 

■                998 

Ben/o-naphtboi,  Kermiridnl  value  of,  203                    ^^^^| 

^H           tuberculoaia,  staining  of  the,  394 

Beriberi,  etiology  of,  573                                           ^^^H 
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Binary  division.  117 

Biological  characters,  modiflcatioDS  of, 

126-131 
Biskra  button,  etiology  of,  330 
Blood  scrum,  as  a  culture  medium,  75 

aeruin.  coagulatiou  of,  56 

serum,  collection  of,  37 

scrum,  germicidal  action  of,  204,  236 

scrum,  8teriti7.alioii  of,  05 
Bookers  bacilli,  4«8-472 
Boracic  acid,  germicidal  value  of,  178 
Bouillon.  4t 
Bread,  bacteria  in,  682 
Briegcr'a  bacillus,  448 
Bronn'ne.  gernu'cidal  action  of,  174 
Bronchitis,  bacttria  in.  4iW.  574 
BroLrclio-pncuiiioniB,  bacteria  in,  574 
Brownian  niovcnicnt,  117 
Bubu,  bacteria  in,  574 
Bubonic  plugnc,  bacilhis  of,  520 

plagui'  baciiliis,  discovery  of,  8 
BnHclseuclie,  bacillus  of,  429 
Butter,  bacteria  of,  680 

"cheesy.  "  bacteria  of.  680 

rancid,  bacteria  of.  680 
Butyric  acid,  germicidal  vahie  of,  179 

acid,  productiou  of,  134 

Cadavkrin.  148 
Cadavers,  bacteria  of,  674 
Calcium  chloride,  antiseptic  value  of, 
184 

liydroxide.  germicidal  value  of.  180 

hyiKicUlorite,   germicidal   value  of, 
184 

light  for  photographing  bacteria,  106 
Cantpbor,  antiseptic  value  of,  194 
Capsule  bacilli,  517,  6IH,  51fl 

bacilli  in  ouena,  603 

composition  of,  116 
Carhol-fucbsin  solution,  29 
Carbolic  acid,  germlcidu!  value  of.  195 
Carbou,  liow  obluined.  123 

dioxide,  not  a  germicide,  170 
Carbonic  oxide,  not  a  germicide,  171 
Carcinoma,  hacteria  in,  575 
Catarrh,  uasal.  204 
Catarrlial  ititlanimations,  226 
Caterpillars,  infectious  disease  of,  838 
Caucasian  milk  ferment,  136 
Cell  membrane,  115,  110 
Cercbro-spiual   meningitis,  etiology  of, 

575 
Cervix  uteri,  bacteria  iu.  665 
Cbslnzion.  bacteria  in,  576 
Chancroid,  etiology  of,  576 
Charbun,  etiology  of,  38H 

symplomatique,  bacillus  of,  542 
Cheese,  bacteria  m.  680 

ripening  of,  680 
Cliemiotasis,  247 

Chloral  hydrate,  antiseptic  value  of,  185 
Chlorijie,  germicidal  action  of,  173 


Chloroform,  germicidal  action  of,  178 
Cholera,  Asiatic,  etiology  of,  578 

in  ducks,  bacillus  of.  434 

iu  fowls,  bacillus  of,  429 

infantum,  bacteria  in.  468-471,  578 

infautuni,  etiology  of,  487 

immunity.  568 

nostras,  bacteria  in,  681,  578 

des  ponies,  bacillus  of,  429 

ptomaines.  146 

spirillum,  biological  characters,  553 

spirillutn,  eliolenired  reaction,  557 

spirillum,    duration    of    vitality    ia 
earth.  655 

spirillum,   duration    of   vitality    in 
water.  647 

spirilhim,  morphological  characters, 
553 

spirillum,  palliogenesis,  560 

Bpinllum,  thermal  death -poiat.  558 

spirillum,  t<ixic  prmlucts  of,  558 

spirillum  in  nt^ater.  detection  of,  650 

in  swine,  bacillus  of,  434 
Choliu,  144 

Chromic  acid,  germicidal  action  of,  177 
Chroraogeiics,  14 
Chrnmogcnic  bacteria,  183 

tjacteria  in  milk,  678 
Chronic  infectious  diseases,  etiolocrT  of. 
892  *'^      ' 

Citric  acid,  geraiicidal  action  of,  178 
Cladothrix.  19.  34 

Claritjcatiim  of  culture  media,  42,  43 
Classitlcatlon,  10-19 

biiilugica),  13 

m(irphi»logical,  18 

of  Baumgarten,  12 

ofC'oiin,  11 

of  Davnine,  3,  10 

of  Dujardin,  8 

of  Ehrenberg,  3,  10 

of  HotTmann,  10 

of  Js'iigcli.  11 

of  Zopf,  12 
Clostridium,  18 
Coal-tar  pniducts,  antiseptic  action  of. 

193-203 
Coffee  infusion,  germicidal  value  of,  IM 
Cohn's  solution,  40,  133 
Cold,  gennicidal  action  of,  149 
Colon  bacillus,  462 

bacillus  in  water,  detection  of.  650 
Colonies  of  bacteria.  70 

counting.  640 
Comma  bacillus  of  Koch,  552 
Conjunctiva.  Ijactcria  of,  e.^ 
Conjunctivitis,  Iwicteria  iu,  394,  507,  .179 
Contact  preparations.  37 
"Corn-stalk  disease.  "  etiology  of,  580 
Coryy.a,  bacteria  iu.  581 
Cover-glass  preparations.  25 
Crenothrix.  19 
Creolin,  germicidal  value  of,  197 
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Creosote,  germicidiil  value  of.  IflT 
Cresol,  gcrniicidal  value  of,  1B7 
Culture  media.  37^9 

media.  HEtration  uf,  43 

niedLfli,  liquid.  38-41 

media,  natural,  37 

medift,  reaction  of,  124 

media,  solid.  41-49 
Cultures  iu  liquid  media,  60-66 

on  putnto,  7(1 

in  aolid  media,  K7-77 
Cultivation  of  auaerobic  bacteria,  78-85 
Cuprlc  chloride,  HUtiBC|)tic  value  of,  183 

sulphate,  gernucidal  value  of,  185 
Cystitis,  bacteria  in,  505,  581 

DARXBAcii-i.uaof  Schottelius,  497 
Decolorij'.ation,  28 
Defensive  pnitetda,  238 
Deaguc,  bacteria  in,  584 
I>eiital  Caries,  bacteria  in,  501.  584 
DeaiccBti<in,  germicirlal  action  of,  155 
Di.iplitlieriu,  gcnniqidal  value  uf.  198 
Diiiniiffla,  bacteria  in,  585 

in  calves,  585 

grecu,  of  infants,  493 

summer,  etiology  of,  473 
Dimensions  of  bacteria,  30 
Diiiietiiylaniine,  144 
Diphtlieria  bactllus.  antitoxin  of,  380 

aotituxin,  rcaulta  of  treatment,  388 

bacillus,  paeudo-,  38(> 

discovery  of.  7 

etitdogv  of,  371 

Immuuity.  379 

mixed  infection,  385 

toxin,  action  of.  235 

toxalbumln,  146 
Diphtlieritic  inflammations,  335 
Diplococcus,  17 

intercellularis  meningitidis,  333 

of  ]>neumoni«  in  horeea.  334 

pncuinonin!,  310 
Disinfecting  solutions,  standard,  308 
Diaiufectiou  of  clotiiing,  bedding,  etc., 
309 

of  dead  bcMlies,  209 

in  diplitbcria,  218 

of  excreta.  208,  313-317 

of  the  iiantia,  212 

of  mercliandise  and  the  mails,  310 

practical  directions  for,  20tl-2l9 

of  privy  vaults,  217 

of  rags.  SIO 

of  railway  cars,  310 

of  ships,  210 

of  sick-room,  hospital  wards,  etc., 
209 

by  steam,  210 
Diainfektol.  germicidal  value  of,  198 
Dlatempcr  in  drigs,  etiology  of,  586 
Distilled  water,  bacteria  in,  &45 
Doga,  infectious  diseases  of,  586 


Double  staining,  28 

Drop  cultures,  €2 

Dust,  bacteria  in,  634.  B35 

of  streets,  bacteria  in.  656 
Dysentery,  bacteria  in,  586 

EcL.\MPSiA,  bacteria  in,  587 
Eczema,  bacteria  in,  587 

cpizoOtica,  bacteria  in,  589 
Eggs  as  a  culture  medium,  40 

rot  ten  ^  bacteria  of,  683 
Egyptian  ophthalmia,   bacteria  in,  507, 

580,  599 
Ehrlich's  stain.  21) 
Ehriich-Weigert  mctbotl,  30 
Electric  light,  germicidal  action  of,  158 

liglit    for    photographing   bacteria, 
105 
Electricity,  germicidal  action  of,  158 
Eisner's  method,  367 
Emmerich's  bacillus,  462 
Empyema,  etiology  of.  589 
Endocarditis,  ulcerative,  383 

etiology  of,  590 
Endogenous  spores,  118 
Eudonietrilis,  bitctcria  iu,  591 
Endosporium,  119 
Environment,  changes  due  to,  333 
Enzymes,  131 

Epidermis,  bacter!ii  of,  659 
Van  Ermengeu's  method,  33 
Erlcnmeyer  tlasks,  01 
Erythenui,  bacteria  in,  591 

nodosum,  bacillus  of  Demmc,  494 
V.  Esiuarch'a  roll  tubes.  74 
Essential  oils,  antiseptic  value  of,  108 
Ether,  germicidal  value  of.  198 
Eucalyptol,  antiseptic  value  of,  199 
Euphorin,  antiseptic  value  of,  200 
Exosporiutn,  119 

Experiments  upon  animals,  94-100 
Eye,  inoculations  in,  97 

Fa,cult.\tive  anaOrohics,  16 

parasites,  IT),  135 
FuEces.  bacteria  of,  671 
Fennentation  tube,  66 
Ferric  chloride,  antiseptic  value  of,  185 
Ferrou.s  siilphute.  antiseptic  value  of,  185 
FiltrtitioH  of  culture  nieilia,  43 
Finkler  and  Prior,  spirillum  of,  561 
Fiocca'a  method,  32 

Fish,  infectious  diseases  of,  533,  533,  525 
^  Fixing "  on  cover  glass,  26 
Flagella.  116 

mctliods  of  staining.  32 
Fleab-peptone-gelatin,  41,  67 

peptone  solution,  41 
Foot  and  mouth  disease,  bacteria  in,  589 
Formaldehyde,  ^ennicliial  value  of,  200 
Fonnalin,  germicidal  value  of,  200 
Formic  acid,  germicidal  v^ue  of,  179 
Foul  brood,  bacillus  of,  507 
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Fowl  oliolern,  biirilUis  of,  42ft 
Freezing.  germicWal  action  of,  149 
Friedlander'a  bacillus,  309 

metlidd.  30 
Fungi,  spores  of,  in  tl>e  uir,  634 
Furunculosis,  etiology  of,  598 

Gabbett'b  method,  30 

Gallic  acid,  germicidal  vulue  of,  179 

Gongruiit!.  bacleria  iu,  .'503,  592 

liiLspiltil,  224 
Gns  phlegm<m,  ctii>loj;y  of,  593 
Oases,  gerniiciiiul  nrtinii  of,  168-173 
Gaslight  for  pliottigrapbiuK  bacteria,  107 
Gastric  juice,  germicidal  nctjon  of,  668 
Gelatin,  liquefaction  of,  132 

nutrient,  preparation  of,  41 
Gernncidal  aetiou,  coociitions  govcmiDg, 
105-167 

value,  tests  of,  163-166 
Glanilera,  hnrilhis  of,  417 

bacillus,  discovery  of,  7 

diagnosis  of,  421 
Glycerin -agar,  43 

Gi»ld  cblori(ic.  germicidal  value  of,  186 
Goiiot:occu8,  295 

discovery  of,  7 
Gram's  method,  29,  35 
Grunutonifi  fungoides,  593 
Green  pus,  baculus  of,  479 
Growth,  conditious  of ,  122-135 
Guaiacol,  gernncidal  value  of,  200 

H,«MATococci'8  bovis.  334 

I  lu'iiiogkibiiniria  of  rattle,  etiology  of,  884 

Hail,  bacteria  in.  042 

lliiloid  elcnicDts.  germicidal  action   of, 

173-175 
Heat,  drj',  action  of,  ISO 

gennicidal  action  of,  149 

moist,  action  of,  160 
lleterogcuesis,  5 
Hog  erysipelas,  bacillus  of,  442 
Ifofiz'  method,  3«ri 
Hot  air  sterilizer,  52 
Hydrant  water,  bacteria  in,  044 
Hydrocele  tJuid,  as  u  culture  nieilium,  40 
llydrocliloric  acid,  germicidal  action  of, 

177 
Hyrirotluoric  acid,  germicidal  action  of. 


Hydrogen  apparatus,  83 

not  a  geimlcidc,  169 

peroxiae,  germicidal  action  of,  100 
Ilydmpliobin,  etiology  of,  593 

inoculations,  Pasteur's  method,   07, 
246 
riydrosulphuric  acid,  germicidal  action 
of,  171 

acid,  production  of,  138 
Hydroxylaniine,  germicidal  value  of,  200 


Icfalhyol,  germicidal  value  of,  300 
Icterus,  infectious,  bacteria  in,  594 
Immunity,  acquired,  242 

acquired,  oxplanation  of.  274 

alkalinity  of  blood  a  factor,  238 

Buchner's  espcrimenta,  236,  287 

of  carnivora,  234 

due  to~nntito.xi»8,  266 

exhaustion  theory,  240 

Hankin's  experiments,  237 

through  mother's  milk,  271 

neutralized  by  depressing  agenckiL 
241 

neutralized  by  chemical  substances. 
•240 

Pasteur's  method  of  producing,  24& 

race,  234 

relative  value  of,  241 

relentiou  theory,  251 

by  sterilized  cultures,  245 

from  vnccinntion,  244 

in  various  diseases  of  man.  £48 

vital  resistance  tbeorr,  263 
IropftetanuB  bacillus,  439 
Incubating  ovens,  86,  87 
Incubator  of  D'Arsonval,  92 
Indnl.  gemiicidtd  value  of,  201 
Infcctiuo,  channels  of,  229-233 

general,  226 

influence  of  quantity,  327 

localized.  223 

mixed,  328 

rapidity  of,  230 

secondary,  227 

throtigli  intestine,  230 

through  liuigs,  230 

through  unbroken  skin.  399 

through  wounds,  229 
Infectious  (liseases.  bacteria  in.  571-^1^ 
Influenza  bacillus,  discovery  of,  8 

etiology  of,  887-891 

lioeillus,  pseudo-,  391 

of  horses,  etiology  of,  384,  565 
Infusoria,  3 

Inoculation  experiments,   conditions  to- 
be  observed.  98 
Inoculations,  technique  of,  95,  94 
Inse<;t8.  infectious  diseasea  of,  596 
Intestine,  bacteria  of,  670.  678 
Involution  forms,  23 
Iodine,  germicidal  action  of,  173 

trichloride,  germicidal  action  of,  174 
Iodoform,  germicidal  action  of.  174 

ether,  germicidal  action  of,  175 
Iixlol,  gonnicidal  action  of.  175 
Izul,  germicidal  value  of,  201 

Jbquiritt  solution,  47 

Ka8E8PIrti,len,  568 
Keratitis,  etiology  of,  695 
Koch's  plate  method,  73 
syringe.  06 
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Kruse's  methcKl,  77 

MetchnikoIT  llieory.  256.  358-265 

^^M 

KUIiuo's  metbcMJ,  35 

Methane,  germicidal  action  of,  171 
Methylamin,  144 

^^^H 

^^^H 

Lactic  ticid,  germicidal  actioa  of,  ITS 
aciti,  production  of,  134 

Methyl -guiinidin,  145 

»  ^^^H 

Mice,  infectious  diseases  of,  598 

Lake  water,  .bacteria  in,  643 

Micrococci,  general  characters  of,  17 

^^^1 

Lanolin,  jjurniicidal  value  of,  201 

morphology  of,  21 

^^^H 

Lea<!  cliloriiie,  antiseptic  valuo  of,  IBS 

Micrococcus,  generic  characters,  17 

^^^H 

nitrate,  tmti»cptic  value  of,  186 

of  Almqiiist,  337 

^^^H 

Lcpros}'  bacillus,  (  JBcovery  of,  7 

asktiformans,  327 

^^^H 

eti(>loj;y  of,  414 

botryogenus,  337 

^^^H 

Leptollirix,  lU 

of  bovine  mastitis,  329 

^^^^M 

Leucocytiia'tuia,  bacteria  in,  596 

of  bovine  pneumonia,  329 

^^^M 

Ix!  11  con  OS  toe,  17 

of  Bruce,  .528 

^^^1 

Light,  germicidal  action  of,  155 

of  Uemiiic,  8H1                              , 

^^^^ 

Ltqucfttctioii  of  getntin,  132 

endocarditidis  rugalus,  332 
No.  11.  of  y'isclie],  836 

^^^H 

Liquifying      bacteria,     characters     of 

^^^H 

growth.  70 

of  Forties,  338 

^^^^ 

Literutiire  of  bacteriology,  8 

of   gangrenous  mastitis  in    sheep. 

^^^1 

Litliitim    cliluridc,   antiseptic   value  of, 

333 

^^^M 

186 

gingivie  pyogenes,  335 

^^^^M 

Loc'hial  discharge,  bacteria  of,  064 
LiittkT's  method,  aS 

gonorrluwe,  295 

^^^H 

gonorrhu'te,  cultivation  of,  297 

^^^H 

HiiEiition.  29 

gonorrhceie.  pathogenesis,  298 
of  Heyileiireich,  3330 

^^^M 

Loreiin.  germit^idttl  vtJuc  of,  201 

^^^H 

Lymphangitis,  ImctfTJa  in,  oflS 
Lysot,  germicidal  value  of,  201 

insi'ctorum,  537 

^^^H 

of  Kirchncr.  336 

^^^M 

laucetdatus,  310 

^^^H 

Maditha  foot,  bacteria  in,  596 

of  Manrrc<li,  328 

^^^H 

Malachite   green,   germicidal   value  of. 

ovatus,  330 

^^^1 

194 

Pastcnri,  310 

^^^^M 

Malarinl  diseases,  etiology  of,  596 

pneumoniiE  crouposa),  310 

^^^M 

Malic  acid,  germicidal  value  of,  179 

pneunioniie  crouposre  in  abscesses, 

^^^M 

Mulignuiit  (Rdema,  537 

313 

^^^H 

a'deina,  immuniiy  from,  540 

pneuinoniie     cri)uposa>,    action    of 

^^^H 

Mallei n,  US.  423 

germicides  on.  316 

^^^1 

"Malta  fever,"  micrococci  in,  528.  ."397 

pneumonitc    crauposte,     biological 

^^^1 

Manganese      protochloride,      antiseptic 

characters  of,  314 

^^^M 

value  of,  \m 

pncumoniic  crouposffi  in  empyema. 

^^^^M 

Marsh  gos.  production  of,  138 

my 

^^^H 

Maatitis,  bacteria  in,  597 

pncumouiic  crouposw  in  endorardi- 

^^^M 

bovine,  etiology  of.  329,  383,  338, 

tis,  313,  590 

^^^M 

528,  597 

pneiunoniui    crouposie    in     healthy 

^^^M 

in  sheep,  etiology  of,  332 

eyes,  6W 

^^^H 

Measles,  bacteria  in,  515,  598 

pneumunijc     crouposfp,     immunity 

^^^1 

Measurements  of  bacteria,  30 

from,  310.  320 

^^^1 

Meatinfusinna,  40 

pneumonia-    crouposic    in    menin- 

^^^1 

Meata,  bacteria  iu,  080 

gitis.  312 

^^^H 

smoked,  bacteria  in,  681 

|)ueumoniu>  crouposa;,   morphology 

^^^1 

Meatus  urinurius.  bacteria  of,  664,  666 

of,  314 

^^^^M 

'  Meconinui,  liacteria  in,  670 

pneumoniiP      crouposw      in      otitis 

^^^M 

Meningitis,  bartcria  in,  337.  504,  529 

media,  813,  601 

^^^M 

Micrococcus    pneumoniiE    crouposae 

pneumonia;  crouposas,  pathogenesis. 

^^^H 

in,  m-.i 

318 

^^^H 

Mercuric  chloride,  germicidal  value  of. 

pneumonia'  crouposffi   in  pleuritis. 

^^^M 

186 

fiOC 

^^^^M 

cyanide,  germicidal  value  of.  188 

pneunioniic  crouposie  in  pneumonio 

^^^M 

iodiile,  antiseptic  value  of,  188 

spiilum.  .311 

^^^^ 

Mercury,  oxides  of,  antiseptic  value  of. 

pneumonia'  crouposje   in    purulent 

^^^M 

189 

keratitis,  505 

^^^^M 

Merismopedia,  17.  23 

pncumouite  crouposa;  in  saliva,  310 

^^^1 

Metallic    salts,    germicidal    value    of. 

pneumonia-  crouposre,   varieties  of, 

^^^1 

182-192 

317 

J 

^^^^^v                                                                                                      ^^^^^^^^1 

^^^^^^^1                               Hicrococcus  of  progressive  abaceoe  for- 

Nucleus  in  bacteria,  115                    ^^^^^^| 

^^^^^^^H                                           tuntiou  in  mbbits,  333 

BtainliDg  of,  116                              ^^^^^^| 

^^^^^^^^1                                      of    progressive    tissue    necitMia    ia 

Nutrient  agar.  43  ^^H 
agar,  oltration  of,  44                            ^^H 

^^^^^^H 

of  pyiemia  iu  rabbits,  824 

agar,  preparation  of,  46                        ^^H 

pyogeuea  tenuis,  286 

^^^H 

salivarius  septicus,  324 

OtDtuM  lavtis.  In  cheese.  680                       ^^H 

of  septicaniia  in  nd>bits,  824 

Oleic  acid,  germicidal  value  of,  179           ^^^| 

^^^^^^^H 

Oplitlialmia,  etiology  of.  599                        ^^H 

^^^^^^^V                                        tcintgi'iHis,  92^ 

Orthoclirouiatic  plates,  103                            ^^H 

^^^^^^H                                             of  traclioma 

Osmicncid,  gerndcidul  action  of,  177          ^^H 

^^^^^^^H                                 Mii-ruoiilliinL'tre.  20 

Osteomyelitis.  282,  600                                  ^^M 

^^^^^^^H                                 Mlcrozyjim  bombycis,  330 

Otitis  media.  Bacillus  pyocvaneus  to.  4SS  ^^H 
media,  etiology  of,  29S,  601                         ■ 

^^^^^^H                                 Miilc.  antitoxiu  in,  27U 

^^^^^^H                                                       iu,  232,  077 

media,      Micrococcus      pneumonia          ■ 

^^^^^^H                                        bitter,-  bucterin  of,  fl80 

crouposje  in,  313                                       H 

^^^^^^^^H                                          cbrotnogcnic  bacteria  jn,  678 

Oxalic  acid,  germicidal  action  of.  178              H 

^^^^^^^n                                        coitgiiliilion 

Oxygen,  germicidal  action  of,  168             ^^^^ 

^^^^^^^B                                          as  u  culture  iniiilium.  39 

Sow  obtained,  122                                   ^^^| 

^^^^^H                                             feriiieutiaioii  uf,  13ft,  677 

Oza-na,  bacteria  in,  496,  518,  603                ^^H 

^^^^^^H                                        of  healthy  women,  bacteria  in,  670 
^^^^^^H                                         tubercle  bacillus  in,  679 

Ozone,  germicidal  action  of,  168                ^^H 

^^^^1 

^^^^^^^H                                        viscous  fermentution  of,  678 

PANA.RITII-M,  etiology  of,  603                     ^^H 

^^^^^^^H                               Milzbrnudbacillua.  340 

Panhislopbyton  ovatum,  330                        ^^^| 

^^^^^H                                Modes  of  action,  221  -'228 

PanopLtbalmia,  bacteria  in,  600                  ^^H 

^^^^^^B                                  Mnilcr^s  metliod,  32 

Papin '3  digester,  54                                      ^^^| 

^^^^^^^H                                Morphia  liydrodil orate,  aatiaeptic  value 

Parasites,  15,  221                                           ^^H 

^^^^^n 

facultative.  124                                        ^^1 

^^^^^^B                                  Murpliology,  2ii-24 

strict,  124                                                 j^H 

^^^^^^^H                                 Mould  fuii^i,  in  the  air,  024 

Parasitism,  124                                               ^^^| 

^^^^^^H                                 Mou^  septiciviDlH,  bacillus  of,  443 

Parielti's  method.  366                                   ^^H 

^^^^^^H                                 Mnutb.  bacteria  in,  661,  666 

Parotitis,  bacteria  in.  603                             ^^H 

^^^^^^^H                                 Movements  due  to  tingcl It),  117 

Parrot  disease,  etiology  of.  338                    ^^H 

^^^^^^^B 

Pasteur-CliamberlaDd  filter,  57                      ^^^| 

^^^^^^^H                                 Mucous  iiiembrtincg,  bacteria  of,  659 

Pasteur's  tlaslcs,  61                                        ^^^| 

^^^^^^^B                                 Mucus,  germicidal  action  of,  206 

method  uf  producing  immunity,  MB  -^^^| 

^^^^^^^B 

solution,  40,  123                                              V 

^^^^^^H                                Mustard,  oil  of,  nntiaeptie  value,  302 

Pathogenes,  14                                               ^^B 

^^^^^^^H                                 Mykoproteiii, 

Pathogenic  bacteria.  15                                  ^^H 

^^^^^^^B 

bacteria  iu  waUT,  646                             ^^H 

bacteria  in  water,  detection  of,  WO       ^^M 

^^^^^^^B                               Nafhtiiol,  gennicidal  value  of,  201 

bacteria  in  water,  duration  of  viul-         H 

^^^^^^H                                 Nasal  cuturrb.  294 

ity.  046                                                ^^ 

^^^^^^^H                                        mucus,  bacteria  in,  660 

power,  explanation  of,  223                  ^^^| 

^^^^^^^H                               Natural  immunity,  explanation  of,  239 

saprophytes,  462                                     ^^^| 

^^^^^^^B                                 Nelsttcr's  method,  31 

Pebrine,  etiology  of,  330                              ^^^| 

^^^^^H                               Nephritis,  bacteria  in,  495,  508 

Pemphigus,  bacteria  in,  331,  603                ^^H 

^^^^^^H                                Neurldin, 

neonatorum,  etiology  of,  337               ^^H 

^^^^^^^H 

Peppennint,  oil  of,  antiseptic  value.  309  ^^H 

Nickel  siilpliate,  antiseptic  value  of,  189 

Peptonizing  action  of  bacteria  in  siUiTa.    ^^H 

Nitrates,  reduction  of,  140 

663                                                               ■ 

Nitric  utid.  germicidal  actioa  of,  177 

femient,  132                                            ^^M 

Nitrification.  140 

Peptotoxin,  145                                              ^^^| 

Nitrogen,  how  obtained,  123 

dioxide,  gennicidal  action  of.  171 

Pericarditis,  etiology  of.  604                        ^^^| 

Periostitis,  etiology  of,  600                         ^^H 

Nitrous  iK'id,  germicidal  action  of,  177 

Peritonitis,  etiology  of,  472.  604                 ^^H 

osidc,  not  ii  germicide,  171 

Petri's  dishes,  73                                            ^^M 

Nou- liquefying  bacteria,    characters  of 

Phagocytosis,  255                                        ^^H 

growtii,  68 

Phenol,  gennicidal  value  of,  195                 ^^^B 

Nost*.  bacteria  in,  680,  fS66 

Phosphorescence.  141                                            ■ 

Nosema  bombycis,  330 

NoBophen,  germicitlnl  action  of,  175 

Phosphoric  acid,  germicidal  actiom  oL    ^^1 

Nucleius,  germicidal  atliou  of,  306.  239 

Piiotograpbiug  bacteria.  101-111                ^^M 

"l^^i^^^^^i^^^M 

^f                                                                         ^H 

Photographing  bacteria,    ampHflcatioo, 

Proteus  vulgaris,  485                                             ^^H 

IW 

vulgaris  ill  cholera  infantum,  487                   ^^H 

bacteria,  apparatus  required,  103 

vulgaris  in  cystitis.  584                                    ^^H 

Photomicrographs,  value  of,  101 

vulgaris  in  pyelouephritis,  609                        ^^^| 
Zenkeri.  491                                                       ^^M 

Pliotoinicrograpby,    Borden's    method, 

109 

Protoplasm  of  bacteria,  116                                   ^^H 

by  calcium  liglit,  100 

gntuuics  in.  116                                                    ^^^| 

dcTeloping  »fi|ution.  Ill 

Pseudo-dipbtlieritie  baciUus,  380                              ^^H 

by  electric  liglit,  105 

P94.-udo-il)pl<>coccus  pnt-unioniie.  335                      ^^^| 

bv  gasJight.107 

Pseuilo-leuk:i'inia,  bacteria  in,  607                          ^^^| 

by  oil -liglit.  108 

PscudoUilietculitsis,  bacteria  in,  606                      ^^^| 

Sternberg's  mi'thod,  107 

Ptomaines,  non-toxic,  143                                        ^^^| 

by  sunlight,  lOO 

prtxiuction  of,  333                                              ^^^| 

Pbragtnidiothrix,  19 

toxic,  144                                                             ^^H 

Phyla  X  Ens,  •2'2'7 

Pueriieral  fever,  etiology  of,  608                             ^^H 

Physical  agents,  influence  of,  149-159 

Pure  cultures,  37                                                        ^^H 

Pigment  pnxtuctiou.  130 

culturcsobtained  by  inoculation,  100                ^^H 

Pi  trie  Id's  method,  ;^ 

Purpura  litemorrhagica,  bacteria  in,  510,                 ^^H 

Plants,  in  factious  diseases  of,  605 

^^M 

Piute  method  of  Koch,  639 

Pus  cocci,  in  infiammations  of  mucous               ^^H 

Platinum  bichloride,  antiseptic  value  of, 

nienibraues.  393                                               ^^H 

1H» 

cocci  ill  otitis  media,  393                                    ^^H 

Plcuritis.  etiology  of,  606 

formation.  333.  375                                            ^^H 

Pleuro-pneumonift    bacillus,    discovery 

Putrefaction,  bacteria  of,  675                                  ^^^| 

of.  8 

products  of,  139                                                    ^^^| 

of  cattle,  etiology  of.  499 

Putresciu.  144                                                               ^^^| 

of  cattle,  protective  iuoculations  in. 

Pyn*Diiu.  detinition  of,  608                                       ^^^| 

500 

PveloDcphritis.  etiology  of,  608                              ^^H 

in  calves,  bacteria  in,  529 

P}-ocyuMin.  131.  480                                                  ^^M 

PneuniobacilluH  liquefacienti  bovia,  499 

Pyogenic  bacteria,  375-399                                       ^^H 

aepticus,  529 

Pyoktanin,  germicidal  value  of,  194                      ^^^| 

Pneuniiicoccus  (FriedlJlnder) ,  308 

Pyosalpinx,  bacteria  in,  610                                     ^^H 

Pneumonia  antitoxin,  'itf8 

^^^H 

bovine,  etiology  of,  329 

QuiNixF.  hvdrochlorate,  antiseptic  action               ^^^| 

croupous,  etiology  of,  :JOO-307,  607 

of,  190                                                              ^^M 

in  horses,  etiolngy  of,  334 

sulphate,  antiseptic  value  of,  190                   ^^H 

micrococcus,  discovery  of,  7 

^^^^M 

Post-mortem  examinations,  99 

Rabbit  aepticicrohi,  bacillus  of,  429                     ^^^| 

Potassium  acetate,   antiseptic  value  of, 

Rain-water,  Iwcteria  in,  643                                    ^^^| 

189 

Ranvier's  moist  chamber,  63                                    ^^^^ 

arsenite.  antiseptic  value  of,  189 

Rau.schbrand,  bacillus  of,  542                                  ^^^| 

biclirouiate,  antiseptic  value  of.  189 

Relapsing  fever,  etiology  of.  549                             ^^^^ 

bromlile,  antiseptic  value  of.  189 

fever  iiiuculatlon  experiments,  551                   ^^^| 

carbonate,  autiai-ptic  value  of,  189 

fever  spirillum,  discovery  of.  7                         ^^H 

chlorate,  antiseptic  value  of.  1«9 

Reproduction,  by  binary  division,  117                   ^^H 

cbromate,  antiseptic  value  of,  189 

by  spores,  118                                                   ^^H 

cyanide,  antiseptic  value  of.  189 

rapidity  of,  118                                              ^^^1 

hydroxide,  germicidal  value  of.  179 

Rheumatic  fever,  etiology  of,  610                      ^^^^H 

iodide,  antiseptic  value  of,  189 

Hhiaitis  tibriuusa,  buctcna  in.  Bit                      ^^^^^H 

permanganate,  germicidal  value  of. 

Khiuoscleroitm,  bacillus  of.  435                          ^^^^H 

190 

Ricin.  i'xperiuieat.«  of  Ehrlich.  370                         ^^H 

Potato  pasti-,  preparation  of,  48 

Riiidcrseuclic,  bacillus  of.  439                                ^^^^| 

Pregl's  method.  38 

Roll  tubes,  V.  Esmarch's.  74                             l^^^^l 

Pressure,  germicidal  action  of,  159 

Ruthlauf,  bacillus  of,  443                                    ^^^M 

regulator  of  Moitessier,  88 

Rotz  bacillus,  417                                                    ^^^H 

Proflucts  of  vital  activity.  130-142 

Itouget,  liacillus  of,  443                                            ^^H 

Proteus  capsultitus  septicus,  453 

protective  iuoculations,  447                             ^^H 

fluoresccns.  ri'il 

^^^H 

Hau.seri,  488 

Samctlic    acid,  germicidal    action  of,                ^^| 

of  Karlinskv.  489 

letlialis.  491' 

Saliva,  bacteria  in,  603                                              ^^M 

mirabilis,  489 

germicidal  action  of,  663                                   ^^H 

aepticua,  491 

Salomonsou's  metho^l,  77                                          ^^^| 
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Salt,  not  a  germicide,  681 

Saprin,  144 

Saprol,  antiseptic  value  of,  203 

Saprophytes,  15 

Saprophytic  bacteria,  where  found,  638 

Sarcina,  17,  32 

Sarcinie,  from  stomach,  673 

Scarlet  fever,  bacteria  in,  613 

Scheinfaden,  118 

Scbultz's  method,  46 

Scbweineseucbe,  bacillus  of,  429 

Scorbutus,  bacteria  in,  612 

Screens,  colored  in  photomicrography. 

108.  106 
Sea-water,  bacteria  in,  647,  651 
Sepsin  poisoDing,  488 
Septicemia.  226 

bacteria  in,  612 

in  cattle,  bacteria  in,  618 

definition  of,  428 

in  fowls,  bacteria  in.  618 

hsemorrhagica,  bacilli  in,  458 

in  swine,  bacteria  in,  618 
Sewers,  bacteria  in,  644 
Silicate  jelly,  47 
Silkworm,  diseases  of,  880 
Silver  chloride,  germicidal  value  of.  190 

nitrate,  germicidal  value  of,  190 
Skatol,  antiseptic  value  of.  203 
Small-pox,  antitoxin  of,  374 
Smear  preparatiuns,  26 
Smoke,  antiseptic  value  of,  202 
Snake  venum.  antitoxin  of,  269 
Snow,  bacteria  in,  642 
Soap,  germicidal  value  of,  181 
Sodium  borate,  antiseptic  value  of,  191 

carbonate,  antiseptic  value  of,  191 

chloride,  antiseptic  value  of,  191 

hydroxide,  germicidal  value  of,  180 

hyposulphite,   antiseptic  value  of, 
191 

sulphite,  antiseptic  value  of,  191 
Solid  culture  media,  41 
Soluble  ferments.  140 
Sozoiodol   acid,  germicidal   action   of, 

175 
Spirilla,  morphology  of.  24 
Spirillum,  generic  characters,  18 

anserum,  661 

cholerte  Asiaticse,  563-561 

cholerse  Asiaticse,  varieties  of.  665 

differential  diagnosis,  568 

of  Deneke,  568 

of  Finkler  and  Prior,  561 

Metchnikovi,  568 

Obermeieri,  549 

tyrogenum,  563 
Spirochsete,  18 

anserina,  551 

Obermeieri,  549 
Spirulina.  18 
Spontaneous  generation,  4 
Spores,  discovery  of,  5 


Spores,  formation  of,  118 

?;ermination  of,  119 
ocation  of,  119 

methods  of  staining,  81 

thermal  death-point  of,  153 
Sputum,  examination   of,  for   tubercle 

bacilli,  395 
Stab  cultures,  87 
Staining  bacteria  to  photograph.  103 

bacteria  in  tissues,  84 

of  cover-glass  preparations,  27 

flagella,  82 

methods,  25-36 

spores,  81 
Staphylococci,  21 

Staphylococcus  aureus.toxic  products  of. 
147 

epidermidis  albus,  284 

pyogenes  albus,  284 

pyogenes  albus  in  "stitch  abscess," 
285 

pyogenes  aureus,  277-284 

pyogenes  aureus,  action  of  germici- 
dal agents,  278 

pyogenes  aureus,  pathogenesis,  280 

pyogenes   aureus,    pus    production 
by.  281 

pyogenes  citreus,  285 

pyosepticus,  887 

salivariua  pyogenes,  328 
Steam,  sterilization  by,  61 

sterilizers,  53 
Sterilization,  6 

of  culture  media,  50-59 

by  discontinuous  heating,  51 

by  dry  heat,  53 

by  moist  heat,  31 

hj  filtration,  56 
Sterilizers,  hot  air,  63 

steam,  58 
Sternberg's  bulbs,  64 
Stick  cultures,  67 

cultures,  long,  for  anaerobics.  79 
Stomach,  bacteria  of,  668 

dilated,  bacteria  of,  672 
Stomatitis,  bacteria  in,  614 
Streak  cultures,  76 
Streptococci,  23 
Streptococcus,  generic  characters,  17 

agalactite  contagiosse,  888 

articulorum.  290 

bombycis.  380 

of  Bonome,  887 

brevis.  387 

coBglomeratus,  512 

coryza<  contagiosa  equorum,  384 

erysipelatos,  286 

lanceolatus  Pasteuri,  810 

loDgus,  287 

of  Manneberg,  881 

of  mastitis  in  cows,  388 

pemiciosus  paittacorum,  888 

pyogenes,  286 
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Streptococcus  pyogenes,  action  of  ger- 
micides upon,  289 

pyogenes,  in  diplicheria,  290 

pyogenes,  pathogenic  action  of,  289 

pyogenes,  m  puerperal  fever,  291 

pyogenes,    in  ulcerative  endocardi- 
tis, 290 

pyogenes  malignus.  293 

septicus,  830 

septicus  liquefaciens,  335 
Structure  of  bacteria,  115 
Sulphur  dioxide,  germicidal  action  of,  172 
Sulphuric  acid,  germicidal  action  of,  176 
Sulphurous  acid,  germicidal  action  of,  176 
Sunlight,  germicidal  action  of,  155 

for  photographing  bacteria,  105 
Susceptibility.  283 

of  young  animals,  233 
Swine  plague,  bacillus  of,  429 
Sycosis,  bacteria  in,  496 
Symbiosis.  125.  548 
Symptomatic  anthrax,  bacillus  of,  542 

immunity  from,  545 
Syphilis,  bacteria  in,  422-425 

Tannic  acid,  germicidal  value  of.  179 
Tartaric  acid,  germicidal  value  of,  179 
Temperature,  limits  of  growth,  128 
Tetanin.  146,  538 
Tetanotoxin,  146,  534 
Tetanus  antitoxin,  268,  537 

bacillus,  discovery  of,  8 

bacillus  of.  531-537 

bacillus,  toxic  products  of,  547 

immunitv,  .>% 
Tetrads,  22 

Texas  fever,  of  cattle,  etiology  of,  614 
Thermal  deatli- point  of  bnctcriu,  161 
Thermo-regulator  of  Bohr.  88 

of  Roux,  92-93 

of  Ueichert,  88 
Tliprmo-regulators,  78-92 

electro-magnetic,  90,  93 
Thymic  acid,  germicidal  value  of,  179 
TliVmol,  antiseptic  value  of,  203 
Tliymus  l>ouillou,  246 
Tin  chloride,  antiseptic  value  of,  191 
Tobacco  smoke,  antiseptic  value  of,  203 
Torula  chains,  22 
Toxii'iiiia,  detiuition  of,  428 
Tuxiilbumins,  146 

vi-gctable.  270 
Triiflioma,  etiology  of,  294,  825,  614 
Trikresol,  germicidal  value  of,  198 
Trimethylamine.  144 
Tubercle  bacilli,  dead,  pathogenic  action 
of,  413 

bacilli  in  dust,  684,  635 

bacillus,    attenuation  of   virulence, 
413 

bacillus,   demonstration  of,  in  spu- 
tum. 414 

bacillus,  discovery  of.  392 


Tubercle  Iiacillus,  methods  of  staining,  80 

Tuberculin.  148 

Koch's  method  of  preparing,  406 
test  for  cattle,  407 

Tuberculosis,  acquired  immunity  from, 
407,  418 
in  cattle,  prevalence  of.  410 

Turpentine,  oil  of,  antiseptic  value,  202 

Typhoid  bacillus,  discovery  of,  7 

bacillus,    duration    of    vitality    in 

water,  647 
bacillus.  exi)criment8on  animals,  8S3 
bacillus,  toxic  pnxiucts  of,  145, 147, 

856 
bacillus  in  water,  detection  of,  650 
bacillus,  where  found,  852 
fever,  etiology  of.  349-867 
infection,  predisposing  causes,  369 

Typliotoxin.  145 

Tyrotoxicon,  145,  678 

Typhus  fever,  bacteria  in,  565,  616 

Ulccs  cuma*.  etiology  of,  595 
Underclothing,  bacteria  attached  to,  666 
Urea,  fermentation  of,  136 
Urine,  bacteria  in,  282 

as  a  culture  medium,  89 

germicidal  action  of,  207 
Urobucillus  liquefaciens  septicus,  683 

VAcriNTA,  bacteria  in.  616 

Vagina,  bacteria  in.  664,  665 

Valerianic  acid,  gennicidal  value  of,  179 

Varicella,  bacteria  in.  616 

Variola,  bacteria  in.  616 

Vegetable  infusions  as  culture  media,  41 

Vibrio,  18 

of  Asiatic  cholera,  553 

Metchnikovi,  563 

protcus,  561 
Vibricmiens,  3 
Vibrion  si^ptique.  537 
VinileiK-e,  attenuation  of,  127,  129 

recovery  of,  129 
Viscous  fermentation,  137 

fermentation  in  milk,  678 

Wabii-watkk.  bacteria  in,  659 
Water,  pathogenic  bacteria  in,  646 
Wells,  bacteria  in,  644 
W^hcKiping-cough,  bacteria  in,  617 
W^ildseuche,  bacillus  of,  429 
Wool-sorter's  disease.  339 
Wurtz's  method,  367 

YELI.ow-FE^•Kn,  bacteria  in,  617 

Zieiil-Nkklson  method,  30,  35 
Ziehl's  solution.  29 
Zinc  chloride,  antiseptic  value  of.  191 
sulphate,  antiseptic  value  of,  193 
Zobgla-a,  21 
Zymogenes,  14 
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